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SUMMARY 


This report describtis a digital computer code CAVE3 (Conduction Analysis Via 
Eigenvalues for Three Dimensional Cieometries) which provides a convenient and economical 
tool for predicting the transient temperature response of structures. This code is an 
extension of the work done under contract NAS1-13(>55 for two-dimensional geometries. 
CAVE3 is written in FORTR.AN IV and is operational on lx)th the IBM 370/165 and 
CDC 6600 computers. 

The method of solution is a hybrid analytical-numerical technique which utilizes 
eigenvalues (thermal frequencies) and eigenvectors (thermal mode vectors). The method 
is inherently stable, permitting large time stc ps even with the best of conductors with 
the finest of mesh sizes, which can provide a factor-of-fivc reduction in machine time 
compared to conventional explicit finite difference methods when structures with small 
time constants are analyzed over long time periods. This code will find utility in analyzing 
h 5 rpersonic missile and aircraft structures which fall naturally into this class. 

The code is a completely general one in that problems involving any geometry, 
boundary conditions and materials can be analyzed. This is made possible by requiring 
the user to establish the thermal network, e.g. , node capacitances, conductances between 
nodes, etc. Dynamic storage allocation is used to minimize core storage requirements. 

This report is primarily a user's manual for the CAVE3 code. Input and output 
formats are presented and explained. Sample problems are included which illustrate 
the usage of the code as well as establish the validity and accuracy of the method. 
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Section 1 
INTRODUCTION 

The computer code CAVES (Conduction Analysis Via Eigenvalues for Three 
Dimensional Geometries) provides a eonvcnienl and economical tool for predicting the 
transient temperature response of structures. It will find sptudal utility in the analysis 
of thermal protection systems for hypersonic missiles and aircraft where (he flight 
trajectory time is large in comparison to the time constants of the structures. 

The method employed by CAVES to solve the partial differential heat conduction 
equation is a hybrid analytical-numerical (HAN) technique which was d veloped under a 
previous NASA contract NASl-13655 (Ref. 1). 

Mr. James L. Hunt, of the High Speed Aerodynamics Division, Langley Research 
Center, Virginia, served as the NASA technical monitor for that program. 

In (he HAN method, spatial deviatives are replaced appropriate finite difference 
representations and the temporal derivatives are retained as ordinary derivatives. In 
effect the problem is subdivided into a number of uniform temperature systems or nodes 
that are coupled and changing in temperature. Ihe problem is therein specified by a set 
of first order, linear, ordinary differential equations whose solution is expressed in terms 
of eigenvectors (thermal mode vectors for the system) and eigenvalues (thermal frequencies 
of the system). The complete solution for a system involving N nodes contains N eigenvalues 
and N eigenvectors. The determination of all N eigenvalues and eigenvectors involves formid- 
able computations for typical heat transfer problems involving hundreds of nodes - however 
the accuracy requirements of most problems do not require the determination of all N 
eigenvalues and eigenvectors. In fact, a small rimVr say 10 or so are sufficient when 
the heat flux response is contained in the first few thermal modes (characteristic of 
materials with high thermal dlffuslvity) or if the re.--ponso for a large number of time 
increments is required, which is precisely the situation in predicting the temperatures 
throughout the flight trajectory of a hypersonic vehicle. A reduction by a factor of five in 
computer time can be expected over conventional explicit finite difference codes for 
typical flight trajectory analyses. The savings in computer time is due to the HAN method 
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being inherently stable and, therefore, permitting large time steps in comparison to an 
explicit algorithm. 

This report is basically a user's manual for CAVES, The next section discusses 
the overall operation and running of CAVES while Section S describes the input data format. 
Sections 4 and 5 present tw'o sample problems provided by the contract monitor. Those 
problems are used to illustrate the input data and output of CAVES and to establish the 
v'aiidity and accuracy of the code. Section 6 provides the programmer oriented docu- 
mentation of CAVES, i.e., list of subroutines, variables and logic diagrams. 

Mr. Charles B. Johnson, of the High Speed Aerodynamics Division, Langley 
Research Center, Virginia, served as the NASA technical monitor for the program. 

At Grumman, the contract was administered by the Advanced Development office, 
under Fred Berger, Manager of Advanced Development System Engineering. The Study 
Manager was Dr. Kenneth A. Rathjen. Mr. Joseph V. Palmicri developed much of the 
code and Mr. Michael J. Rossi developed the matrix routines. 
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Section 2 


DESCRIPTION OF CAVE3 CODE OPERATION 

This section provides an overview of the CAVE3 code capabilities, method of 
solution and input /output. 

CAVE3 has been designed to be a completely general digital ccjmpufer code for 
operation on the CDC fiGOfl and IBM 370/105 computers. Operation of CAVE3 requires the 
following type of information from the user: 

• Initial temperatures of nodes 

• Capacitance (mass times specific heal) of each node 

• Conductance (and convection) links between nodes 

• Radiation links between nodes 

• Heat generated at a node 

• Boundary conditions (e. g. adiabatic wall temperature or recovery 
temperature and convective heat transfer coefficient) 

• Thermal properties as a function of temperature 

• Initial and final time 

• Time steps (which can be variable) 

The user may assign any node numbering system desired; CAVE3 establishes a 
node labeling array that is packed to ensure efficient matrix operations. The input for 
CAVE3 has been designed to be totally generalized and options have been piovided to mini- 
mize the amount of input. The data is structured in blocks and resides on one data file. 

A detailed description of the input is provided in Section 3. 

The user, via input, establishes the overall core size available. CAVE3 
dj uamlcally allocates storage for the individual arrays based on the data input. In this 
fashion the user does not pay for excess overhead by executing a program designed for 
a large scale problem with fixed storage when running a smaller problem. The code is 
designed so that the data storage is set-up and maintained in the main program and the 
program flow is controlled by subroutine CAVE3. The program is modular in struc- 
ture which aids the user to understand the logic and make changes if desired. 
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A description of each subroutine and its specific task, along with flow charts, is presented 
in Section 6. 

The main advantage of CAVES over other general thermal analyzer codes is in 
execution time. CAVES will prove economical in solving transient heat conduction (problems 
involving sfructures with time constants that are small compared to the time period of 
interest (e.g. flight trajectory). The method employed in CAV'ES is a hybrid analytical- 
numerical technique that is inherently stable permitting large time steps in compa; isi." lo 
explicit finite difference methods. It is noted that there is a significant amount of computer 
time required to determine the eigenvectors and eigenvalues of the solution, and therefore 
the method is not advantageous compared to conventional explicit schemes for problems 
involving a short time period (e.g. total time of interest on the order of 100 times the 
maximum permissible time step). 

A detailed description of the method is presented in Ref. (1) and therefore only a 
brief overview is presented here. The transient heat conduction problem being solved is 
characterized by the following system of n first-order linear differential equations with 
constant coefficients 


c, ^ . Sk„ (t. - ly . n, , - X,) K), i = I.n 
j 


Eq. (1) 


whore 


C, = 


K.. = 
ij 

T, = 


T. = 
1 

H. = 


AVV,i 


thermal capacitance of node i 
conductive coupling between nodes i and | 
temperature of node i 

temperature of node j which is adjacent to nodi' i 

convective coupling between node i and the fluid (for interior 
nodes Ilj = 0) 


t = time 




adiabatic wall temperature of the fluid in contact with node I 
heat generated at node i 


There are n such coupled differential equations, one for each of the n nodes. 

It is noted that radiation btdween nodes is considered via a linearization process described 
in Appendix C of Ref. (1) which leads to modified conductive and/or convective couplings. 


The system of equations given in Eq. (1) has the following exact solution for a 
particular time-subinterval (Appendix F of Ref. (1) gives the details): 


n 

Tj = ^ c.. exp (X. t) Eq. (2) 

‘ i-1 


where 




temperature at node i at time ( .seconds into the time subinterval 

steady-state temperature at node i for the particular time subinterval 

constants that deptmd on the j set of eigenvectors of a matrix A, 

i 

and the temperatures of the nodes at the start of the time subinterval 


t 


= the eigenvalues of a matrix A 

= time into the particular time subintcrval. If t represents the time in 
the flight trajectory, and if and represent the time at the start and 
end of a time subinterval, then the following relationships hold: 


0 < t < r - T„ and T = T 1 for r„ < t < 

~~es s s-—e 

A = symmetric matrix whose elements depend on the Cj, K.. and llj of 

Eq. (1). (Refer to Appendixes A and F of Ref. (1).) 


Considering a thermal network with n nodes, there are then n eigenvalues and eigenvectors 
to be determined and used in Eq. (2). Considerable machine time can be saved by calcu- 
lating only those eigenvalues and eigenvectors that are "slgnlficrnt" or "dominant". This 
was noted very aptly by Maisc and Rossi in NASA CR-2435 and used by them in the CAPE 
code for the inverse heat transfer problem of finding the boundary conditions given the 


temperature history, and it was used in Ref. (1). When the scries in Eq. (2) is truncated 
to the "dominant" terms, we obtain: 


T 


i 



no 

^ Z % 

j=l 


Eq. (3) 


where ne is a number sub6!tantlally less than n. It represents the number of dominant 
eigenvalues and eigenvectors that will be found and utilized by the code. This is an input 
number decided upon by the user. Appendix A of Ref. (1) discusses the effect of ne on 
solution accuracy. 
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It may be interesting to digress for a moment to note that the usual thermal anal- 

dT 

yzers take equation (1) a step further and replace the ordinary derivative with a finite 

difference approximation. Depending on the form of the approximation either an explicit 

or Implicit algorithm is obtained. In the common explicit and Implicit formulations, the 

T.'s and IVs are taken to be constant during the time step interval. In the current HAN 

method, the ordinary derivative is retained and the T.'s and T/s are treated as time- 

dependent variables in Eq. (1). This leads to a mor*e accurate solution with no limitation 

on the time step from a stability standpoint. However, in solving Kq. (1), the HAN method 

treats the C,, K. ., H. and T.„, . as constants. 'Ibis is necessary, as discussed in 
i 1) 1 AW,i 

Appendix E of Ref. (1), for an eigenvalue solution to exist. The technique used within 
CAVE3 to handle variations in these parameters is to subdivide the total time interval 
(e.g. , the flight trajectory) and take the.se parameters to be piecewi.se constant within each 
time subinterval. 

Thus, the single problem of determining the temperature distribution in the structure 
where the boundary conditions are varying is solved by considering a number ot sub- 
problems where the boundary conditions are piecewise constant. These subproblcms are 
interconnected in that the temperature at the end of one time subinterval becomes the 
initial temperature for the next time subinterval. It should be noted that the time sub- 
intervals, or time steps la the HAN method, are typically of the order of seconds or tens 
of seconds which is probably 100 to 1000 times larger than is permissible with the explicit 
metht d. 

CAVE3 uses the convective coefficient and adiabatic wall temperatures at the 
beginning of the time Interval for the entire time interval, 'Eherefore in selecting the time 
subintervals, the user should be guided by the variation in the boundary conditions with 
particular concern for abrupt changes that affect the convective heating. For those prob- 
lems in which the tci.iperature dependency of the material properties p ys a dominant 
role for some reason, or if radiation heat transfer is of great importance, a second run 
with smaller sublntervals should be made to determine the effect of subinterval selection 
on the predicted temperatures. 

The problem solution is accomplished in CAVE3 using the following sequence: 

1. Storage requircments for the various arrays are determined and allocated. 

2. Initial conditions arc printed out. 
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Then for each time step the following are done: 

3. Using the temperature distribution at the start of the time step, the thermal 
properties of the materials arc determined, followed by the capacitances and 
conductances for the netw'ork. This stop is not exercised if the material 
properties are independent of temperature. 

4. The convective heat transfer and conduction couplings are then modiiied to 
account for radiation if it is neing considered. Appendix C of Ref. (1) 
gives the details of the linearifcd t-reatr.ent that is givcm to the radiation 
heat transfer. 

5. Set up a matrix A in compact form which depends on the Cj, Kj. and II. of 
Eq. (1) (Refer to Appendbe F of Ref. (1). ) 

G. Obtain the ne dominant eigenvectors and eigenvalues of matrix A using 
Jennings^^^ method of simultaneous vector iteration, 

7. Dtdermlne the steady-state solution to Eq. (1). 

8. Calculate the Cj. of Eq. (3) for 1 = 1, 2, . . . ,n and j - 1, 2, . .. ,ne. 

9. Calculate the temperatures of the nodes at the end of the time subinterval 
using Eq. (3). 

10. Set the initial temperatures for the next time subinterval equal to the final 
temperature of the present .subinterval. Increment time. 

11. Print temperatures. 

11; Repeat steps 3 through 11 until the final time has been reached. Ihe 
solution is then completed. 

Tiic following .sections describe in detail the input data format for C.AVE3 and 
two sample problems which will enable the reader to esc CAV’E.3. 


PRECBBING PAGB BLANK NOT 
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Section 3 

INPUT DATA FORMAT 

The input to CAVE3 consists of one data file containing 3 control cards, 4 title cards 
and 9 distinct blocks of information. The unit input is general in that any set of consistent 
units can bt used. The general format is displayed in Figure 3-1 and a more detailed 
set of descriptions is presented in Figure 3-2. 

First Control Card : 

This card consists of 11 variables dt?scribing the storage size, the degrc'' of 
accuracy and the input output options. The variable NUMBND indicates the number of 
boundary nodes, NUMITR, the number of iterated nodes, NUMCON, the number of 
conductors, which includes conduction and convection links, NUMRAD, indicates the 
number of radiators, NUMNOD, the highest node number, NUMFLX, number of heat 
fluxes. These variables are used to determine the size of the data array. Care should be 
taken to minimize the size of each variable to truly represent the problem to be solved 
for excess size will cause a need for excessive core storage and increase the runnir^ time. 
Variable NSTR, is a stoi'age parameter which indicates the size of the problem. The 
program will compute the value during execution and output the input value versus the 
computed value, thereby allowing the user to modify NSTR to the proper value. NEVALU 
is used to indicate the number of eigenvalues to be used to solve the problem. The higher 
the number of eigenvalues used the more accurate the solution and the longer the execut- 
ion time. The user should investigate the proper size of NEVALU and minimize its size. 
Generally the smaller the size problem the smaller the numlxr of eigenvalues needed to 
obtain the* proper solution. IDIAG, is the diagnostic flag. If the user wants a more 
detailed output indicating the steady stale solution at each time step and the dominant 
eigenvectors the user should set IDIAG equal to 1. Ltmving IDIAG blank or setting it to 
0 indicates the user wants only the temperature time history written out. IFLUX is also 
an output flag. If IFLUX is equal to one it indicates that the user wants the cumu- 
lative fluxes printed out for each node at each time step; a zero indicates no fluxes should 
bc' written out. 
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Title Block: 


The user can use four cards to describe (he problem (four cards are required). The 
title block will be printed out in (he output. 

Second Control Card: 

This card consists of two variables KODF and NMTRIC. KOBE should be left blank. 
NMTRIC is a flag indicating the units of input; 0 indicating degrees Fahrenheit; I, degrees 
Rankino; 2 , degrees Centigrade' and 3, degrees Kelvin. 

Third Control Card; 

. his card consists of variables KOBE, TIME, BTIME, FTIMB:, and SIG. KOBE 
again should be left blank, TIME indicates the initial time, BTIMF indicates the time 
step, FTIME, the final time and SIG the Stefan- Boltzmann constant. If SIG is left blank 
or set to zero it indicates that the Stefan- Boltzmann constant has been folded into the 
radiation couplings. 

Initial Temperature Block for Iterated Nodes; 

This block of data establishes the initial temperature values for each of the 
iterated nodes. Variables II and JJ, the multiple parameter input are used to condense 
the input where the user numbering scheme allows. This Multiple Parameter Input option 
is explained at the end of this section. 

Temperature Block for Boundary and/or Speci fied Temperature Nodes: 

This block of data consists of the temperature values of boundary nodes and/or 
nodes within the structure with specified temperatures. Ibe multiple parameter input is 
available to minimize he input. Hiese values can bc' made to vaiy with time by using 
the proper table format (discussed in Table Block). 

Capacitance Block 

Within this block the node thermal capacitance (mass times specific heat) is 
jtored in the CAP(N) array for each node N. Again the multiple parameter option is 
available. 

Conductance Block 

The nodal conductance (and convection) values arc contained in this block of data. 

The program requires a conductance sequence number N, the two node numbers I and J 
that are linked and the conductance value CONB(N). The conductance value represents 
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an overall UA and therefore is associated with both conduction and convection links. Note 
the link need only be established in one direction i.e. , if a conductor is input from node 6 
to 12 it need not be listed again from 12 to 6. 

Radiation Coupling Block 

The radiation links are stored in this block of data. Similar to the conductance 
block, N represents the radiation sequence number, followed by I and J the node numbers 
connected by the radiation link, followed by the radiation coupling value. (As with the 
conductor links it should only be input once.) This value can contain the Stefan -Boltzmann 
constant or can be computed without it, but the SIG flag must indicate w hich option the user 
selected. 

Heat Source Block 

The heat source or sinks are stored in this block. The heat source sequence 
number (N) should be input followed by (I) the number of the node to which the source is 
applied and Q(I), the heat source value. 

Conductor Constant Block 

This block contains the parameter A/AX, the conductor constant. This parameter 
is used when adjustii^ the conductance to represent the effect of changing thermal pro- 
perties. Ibe symbol A represents the cross sectional area perpendicular to the flow 
of heat. The AX term represents the distance from the node center to the node boundary. 
The parameter is stored as a function of the conductor number it is associated with (N). 
DISl(N) represents the value of the constant associated with tne node from which the 
conductance is emanating from. DIS2(N) represents the value of the constant associated 
with node to which the conductance is emanating to. Figure 3-3 is presented to 
demonstrate the computation of the conductance term and the geometric positions of 
variables A and AX. 

Table Block 

The table format is simple and permits convenient manipulation. Tables are 
assigned consecutive table numbers according to their position in the input data array. 

Each table starts with a header card specifying the table dimensions, i.e. , the numler 
of values of the independent variable and the number of dependent variables, followed by 
a table index which indicates the type of table, and then an optional title. A list of 
table types and their descriptions arc listed in Figure 3-2 in the Table Block section 
and explained below. The values of the independent variable are specified on the next 
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card. TTiese values are listed consecutively, up to 7 per line as required. The dependent 
variables follow with all values of each variable being specified consecutively. The tables 
make no use of sequence numbers to identify variables or records. No blank record or 
delimeter is used at the end of a table; the next table or the 11100 record (to indicate 
the end of the table block) follows immediately. 

The LFLAG index, as mentioned previously, is used to distinguish (he use of each 
table. The tabic options arc broken up in seven segments. The user has the option to vary; 
(1) the time step as a function of time (LFLAG equal to 1), (2) the boundary 
temperature with time (10000 < LFLAG < 20000), (3) h(“at sources or sinks with time 
(20000 < LFLAG < 30000), (4) conductance value versus temperature (30000 < LFLAG < 40000), 
(5) conductance value versus time (40000 < LFLAG < 50000), (0) capacitance value versus 
temperature (50000 < LFLAG < 60000) and (7) thermal properties versus temperature 
(LFLAG 99999). In all cases except the first and last, LFLAG also related the node 
number, or conductor number with the changing parameter it was associated with i.e. , 
if node 99 was a boundary node and its temperature was a function of time the user would 
have input a value of 10099 for LFLAG indicating boundary temperature (node number 
10099-10000) was changing with time and at every new' time step a new value would be 
extracted from the table. If the user w'ants to adjust the time step he must input in the 
first table the desired time steps as a function of increment. Note the first time step 
is set by the initial input in control card 3. An example would be if the user input an 
initial DTIME equal to . 001 and wanted it increased by . 001 four times. The user 
would have put in the first table of his input a LI - 4, L2 = 1, and LFLAG * 1 followed 
by a card with the increments 1. , 2. , 3. , and 4. , and finally a card with . 002, . 003, 

.004, and .005. The program would have understood this to mean the first time step 
should be .001, the second .002, the third .003, the fourth .004 and the fifth .005. 

The final LFLAG segment is used when conductivity and/or specific heat are changing 
with temperature. This option assumes the first dependent variable input in the table 
IS specific heat and the second the conductivity. When this table option is activated an 
additional block of information has to be input. That is a node table number correspon- 
dence table. A value must Ije entered for each node whose property changes with time and 
the table number associated with the properties of that node. If all iterated node proper- 
ties are represented by a single table (same material), the user can set the variable 
J1(1)=0 and J2(l)=table number. The program will then automatically assign the table 
number stored in J2(l) to all nodes. 

Termination Card; 

The last data entry must be a 11100, card indicating data termination. 
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First Control Card 


Title Block (4 cards) 

Second Conl«ol Card 
Third Conti ol Caid 

Initial Tempeiature Block for Iterated Nodes 
11100 

Temperature Block for Boundaiy and/oi Fixed Temperature Nodes 
11100 

Capacitance Block 
11100 

Conductance Block 
11100 

Radiator Block 
11100 

Heat Source Block 
11100 

Conductor Constant Block 
11100 
Table Block 
1 i lOO 

Node/Table Information 
11100 

Termination 


Figure 3-1. General Data Format 



First Control Card (1015) 


NUMBND = Number of boundary nodes 
NUMITR = Number of Iterated nodes 
NUMCON = Number of conductors 
NUMRAD = Number of radiators 
NUMNOD = Highest node number 
NUMFLX = Number of fluxes 
NSTR = Storage parameter 
NEVALU ^ Number of eigenvalues 

IDIAG = Diagnostic flag (0, no diagnostic; 1, diagnostics) 

IF LUX Flux option (0, fluxes not to be printed; 1, fluxes to be 

printed out) 


Title Block 

4 Title Cards (any format) 
Second Control Card 


KODE, NMTRIC (15, 15X, 15) 

KODE =- 0 or blank 
NMTRIC = 0, input m degrees Fahrenheit 
= 1, input in degrees Rankine 
2, input in degrees Centigrade 
= 3, input in degrees Kelvin 


Figure 3-2. Detailed Input Description (Sheet 1 of 6) 


Third Control Card 

KODE, TIME, DTIME, FTIME, SIG (15, 4E10.0) 

KODE = 0 or blank 
TIME = initial time 
□TIME = computing interval 
FTIME = end of computing time 
SIG = Stefan-Boltzmann constant 

Values for the Stefan-Boltzmann constant, in various units are g'ven m the following table. 
It should be noted that if a zero is input or no Stefan-Boltzmann constant is input the 
program assumes it will be included in the radiation links. 


Stefan -Boltzmann Constants 


0.1 714 X 10'® 
5.673 X 10*’2 
1.355 X 10"’2 
5.669 X 10'® 


BTU/h, - sq. ft. - 
Watts/sq. cm. - 
Cal/sec - sq. cm. - 
ergs/sec - sq. cm. - 


Initial Temperature Block for Iterated Nodes 

KODE, N, TIN), II, JJ (215, E1C.0, 21b) 


11100 

(15) 

KODE 

= 0 or blank 

N 

= node number 

TIN) 

= node initial temperature 

II 

= limit for multiple parameter input 

JJ 

= spacing for multiple parameter input 




Figure 3-2, Detailed Input Description (Sheet 2 of 6) 
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\i . 


Temperature Block for Boundary and/or Fixed Temperature Nodes 


KCDE, N,T (N), II, JJ 


(215, ElOO, 215} 


= 0 or blank 
= node number 
= boundary node temperature 
= limit for multiple parametei input 
spacinn for multiple parameter input 


Capacitance Block (for iterated nodes) 
KODE. N,CAP (N), II, JJ 


(215, E10 0, 215) 


CAP (IM) 


= 0 or blank 
= node number 
node capacitance 

= limit foi multiple parameter input 
= spacing for multiple parameter input 


(mass X specific heat) 


Conductance Block 


KODE, N, I, J. COND (N), II, JJ 


(415, E 10.0, 215) 


KODE = 0 or blank 

N = conductance sequence number 

I = first connected node numbei 

J = second connected node number 

COND (N) = conductance value (overall UA) 

II = limit for multiple parameter input 

JJ = spacing for multiple parameter input 


Figure 3-2. Detailed Input Description (Sheet 3 of 6) 
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Radiation Coupling Block 


I 


KODE, N, I, J, RAD(N), II. JJ 


(415, ElO.O. 215) 


moo 


(15) 


KODE 

N 

I 

J 

RAD(N) 

II 
JJ 


^ 0 or blank 

= radiation coupling sequence number 
first connected node number 
= second connected node number 

- radiation coupling value (Stefan-Bolt;?mann constant must be input either in the 
second control card or in each value for radiators) 

= limit for multiple parameter input 

= spacing for multiple parameter input 


Heat Source Block 

KODE. N. I. 6 ( 1 ) 


(315. ElO.O) 


4 


11100 


KODE 

N 

I 

6 ( 1 ) 


(15) 

= 0 or blank 

= heat source sequence number 
= number of node to which source is applied 
= heat source value 


Conductive Constant Block 

KODE. N. DIS1 (N). DIS2 (N) (215. 2F15.5) 


4 

1110 



KODE 

= 0 or blank 

N 

N 

- Conductor number constant is associated with 


D1S1 (N) 

= Constant*^, for conductor N associated with 
AX 

nodeNCOND (l.N) 

4 

DIS2IN) 

= Constant-^TT ^or conductor N associated with 
AX 


node NCOND (2. N) 


Figure 3-2. Detailed Input Description (Sheet 4 of 6) 
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Table Block 


KODE, L1,L2, LFLAG, Title 

(4I5, A60) 

X(1), X(2), X<3), X(4), X(5), X(6), X(7) 

(7E10.0) 

X(8) X(L1) 

(7E10.0) 

Y1 (1), Y1 {21, Y1 (3) Y1(7) 

(7E10.0) 

Y1(8) . . . , Y1 (L1) 

(7E10.0) 

Y2(1), Y2(2), Y2(3) Y2(7) 

(7E100) 

Y2(8) Y2(L1) 

(7E10.0) 


YL2(1) YL2(L1) (7E10.0) 

Repeat above cards for each table with no blank or additional records between tables. Tables are numbered 
consecutively starting with 1 by the program. 

1 1100 (at end of table block only) (15) 

KOOE = 0, or blank 

LI = number of values of independent variable 

L2 = number of dependent variables 

LFLAG = index indicating type of table and node number associated with table 


= 1 

DTIME vs.TIME 

>10000: 

Boundary Temperature vs. Time 

<20000 

for node # - L F L AG - 1 0000 

>20000 

Heat Sources vs. Time 

<30000 

for node #- LFLAG - 20000 

> 30000 

Conductance vs. Temperature 

<40000 

for node#= LFLAG - 30000 

>40000 

Conductance vs. Time 

< 50000 

for node# LFLAG -40000 

> 50000 

Capacitance vs. Temperature 

< 50000 

for node#= LFLAG - 50000 

= 99999 

Variable Properties 


Cp(T) 1st Table 


K (T) 2nd Table 

Node Number vs. Table Number Block 


KODE, (JKI), J2(l), 1= 1, 7) 

15, 7(215) 


11100 


Figure 3-2. Detailed Input Description (Sheet 5 of G) 



20 


KOOE 


0, or blank 

J10) 


Node number 

J20) 


Table number associated with node number J1 (1 ) 

IF JK1) 

= 

0 indicates all nodes are associated with J2(1) 
(table number) 


Te/mination Card 

KODE = 1 1100 Job IS terminated 


Figure 3-2. Detailed Input Description (Sheet 6 of 6) 


COND (N) 


COND (N) 


[__vw 

Ki A ^ K2A 

A)T!‘ AX2 


KiA ^ K2A 

AX2 


K; DISKNi x K 2 DIS2(N) 
Kj DISKN) * K2 DIS2(N1 


Figure 3-3. Parameter A/ AX 


Multiple Paramfe' 


otion 


This option peimits specification of the same value '»-r '• series of parameters, with 
a single data l. ne. For temperatures or capacitancet th< ; . .• auinber is incremented by 
the spacing (JJ} untv! the Umit (II) is reached. Each node s - pecified is assigned the same 
temperature or capacHaucc, An example follows sii." ss). application of this feature in 
the Temperature Block. 



Node Number 

Kode^ \ Temperature 
^0, 7, 50fb. 11, 1- 


n ^Limit for multiple parameter input 
.TJ - eSpacing for multiple parameter input- 
Equivalent to: 

0, 7, 500, '' The node number in this 

0, 8, 500, case is increased by 

0, 9, 500, > one to the limit 11, 

0, 10, 500, spaced by one. 

0, 11, 500, ^ 

For conductances or radiation couplings the feature is similar except that the parameter 
number (N) and the two node numbers (I and J) art incremented by the spacing until the 
parameter nuniber reaches the limit value. Again the same value is assigned to each 
parameter. An example follows showing application of this feature in the Conductance 
Block. 


First connected node number 
Conductor sequence number 


KODE 



Second connected node number 
Conductor value 




This single card using 
Multiple Parameter 
Input is equivalent to 
the following seven cards. 


0, 8, 13, 23, 7.2, 14, 1 


II - Limit for multiple parameter input ' 

JJ - Spacing for multiple parameter input ^ 
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NOTE: The conductor 
sequence no. , and both 
node numbers advance 
by JJ interval 


f 0, 8, 13, 23, 7.2, 

0, 9, 14, 24, 7.2, 

0, 10, 15, 25, 7.2, 

{ 0, 11, IG, 26, 7.2, ) 

0, 12, 17, 27, 7.2, 

0, 13, 18, 28, 7.2, 

1^0, 14, 19, 29, 7.2, J 


If the value of JJ (spacing) was 2, the equivalent would be: 


0, 8, 13, 23, 7.2, 
0, 10, 15, 25, 7.2, 

0, 12, 17, 27, 7.2, 

0, 14, 19, 29, 7.2, 


The con'^uctor 
sequence number, 
the first node number 
and the second node 
number are incremented 
by 1 until the limit 
conductor is reached. 
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Section 4 


SAMPLE PROBLEM NO. 1 


The first sample piobl<-in provirii'd by the Tt'chnical Monitor was a I.ockalloy 
structui'o with a one inch diameter perturljance. Tlie structure is depicted in Figure 4-1. 

As shown, it is horseshoe; shape>d and symmeti ic about axis A. Th<- model for this 
structure is comprised of a number of rectangular and circular segmented nodes. It is 
three layers deep except for the perturbance. The node numbering scheme was provided 
by the Technical Monitor. Figure 4-2 shows the external boundary conditions 
and material properties. Note that the heat transfer coefficients vary near 
the rod. A math model was created i-epresenting the structure and is highlighted in 
Figui’c 4-3. The model contains 1(^1 iterated nodes, 2 boundaiy nodes, Isl capacitances, 
4ss conductors, 60 radiators, 488 conductor constants, a table of physical properties 
versus temperature and a node/table correspondence block. The first data card is 
used to set the core allocation for the program; the values just mentioned and the requested 
18 eigenvalues for this soli.tion arc shown on this card. This input data file was created 
and executed on the Grumman O’ber 173 computer. The solution is displayed in Figure 
4-4. Note the output option taken in this problem was the briefest one (i.e. , no heat fluxes, 
steady-state temperatures or eigenvalues). The initial conditions and the temperatures 
of each node at each time step were written out. This same problem was run using the 
Grumman Thermal Analyzer, which employs a forward difference technique. A 
comparison plot is presented in Figure 4-5. The solid symbols represent the CAVE 
resuks while the open symbols represent the thermal analyzer results. The comparison 
between the two techniques is excellent. 


































Taw - 3000 OR 

Tinitial = 960OR (time 0) 

Start time = 0 

Final time = 40 sec 

Lockalloy Emissiviiy ^ 0.8 

View Factor ^ 1.0 

Background Temperature = 51 9® R 


Convection Nodes Surface; 10 to 14, 23 to 28, 33 to 38 

43 to 48, 53 to 58, 60 to 68 
and 70 to 78 have * 

h/ho - 1.0 

where hj, - 24.5 BTU/hr 

The interference heating to the remaining surface nodes is 
listed below: (See NASA TND- 1372) 



Physical Properties 

540OR 

860<^R 

1060°R 

126QOR 

p(lbm/in^) 

.0756 

.0756 

.0756 

.0756 

Cp (Btu/lbm ®R^ 

.395 

.511 

.548 

.562 

K BTU/(HR FT2 OR/FT) 

123.0 

99.5 

89.0 

81.5 


Figure 4-2. Sample Problem No. 1 Boundary Conditions and Properties 
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Figure 4-3, Input File for Sample Problem No. 1 (Sheet 1 of 3) 
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Figure 4-3. Input File for Sample Problem No. I (Sheet 2 of 3) 
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Figure 4-4. Output for Sample Problem No. 1 (Sheet 1 of 14) 
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-^:1X«>XXXXP «jPCO-b-l iPor-p 

o--ax»-xxcrx ' 'pr < 0 <y mo xrw— 
xxxr“^rv^r^rlr n x«.tp'*rMrir*»r x«o 


OOOOOOOOOOOOOOOOC'OC’OOO t" C' 00ci00«j0c-00000 OOOOOOOC <" ooeocooo 


luix^p^vcP' xpr-— p X *r » o*^ «> p xir oAi^-« .»i>j — 

:nrxp- » ^ippip*'. :»>x xp — Jtr» x»~ x^xifip p^i^a x C^ 


P- p- p^p>-p P-P- p- p-p p p-p-p- pppppp-p p“p-ppp-p-p-p“ppp-p pp-p*p-p- 


rvikT apMXP' xr ' - > 

■^rup^ 3 -aif ' xp '-x 


xir 

I^XP- — ^ 

■ ...<vAi 


P-P- P P P- P P P P 


P(4 p‘’>P’*w^p^i#*M»M*^>n>^pn-jp*>t*t jK'ip^pop^^pn^'^ f-%pn»o>rkPi*^!r*><«^ ^'^♦“.Kip^p^pap^p'^p^t 

o 0000 00000 ooooooooo oc 00 00 ooooo* j Cl e 000 00 oooooot C'< •• '^**>000000 


o 

•- 

ir> 


biMUilpHklUlPAb«Jlp<tailb^ta/UJ>i. b UJtaJIpJbJ iliibJlt>b>UJlPJ^tPikPitA>vpl4t. Ipj UjiAi Mi 

r'OAji^P' OP*>A>0 P- 7 «.P- -X-' »WOP X b'«)Cir>IV*iCOt XX X xiro 

«>X o o«> OP- »\iPr- p- j 7 X »'< J *VM/ xk>o 

r~ o o— ^ p^ Cl x'ViP'- o p J K^oun«ir<v»^ xo x o —• --^rwr- x '-- pccxC'pc o 
X OP^X «X XC'*''>#V/PVP^ — «rn^0X »X--«x ^-X- O XX ' ^ ^ C J 3 XX' 7 Xo 

«,p*nxx~p-p-p^P“OP-p-p'#-p-«/P-p-p' xp-«)X X xp '-xapp»>^^ <>p-Pt X 
»rxp'irLPiru>«rxr'*f>x*iririririr«r •"pririr inrir'— ^x--o p- irxo xiT‘«r> 


tei(JuU^*xbub.4A.<b. ;. ... bjt^faU btotto I 
xr^xirxxpf- X r. XP^opTPsj^ xr^ 

jp A*«e — ^pr*-- '*< HP’> p- f\ip*^ -'MC ^ ^ 
X X X ^ p-p- P . T ^ f>4 I cc rw> X a 
ru jp- X x«o fcpup' • < «-. 4 itfvx « 
X-'-XX XX X •' *\ II X c ox«« 
xx«^irirx«ry' x% « i^irxxx>«r4r> 


O 000000000< OOOOoOOOOOOOOOOOOOOOOOOOCOO OOOOOt^VJC 't. 'JOOOOOO 


«D 

X 

X 


a-*XKWXP' xx^ -a op*»«r- xir xirv ^ p- c>^-^c •fw^oAi^-^aoruo 

<*«<Wp/^XtXXP' ^^#ViP^PO^»f>XP p- — XXP P>x x«xnx>p ojx XP X 

— - .<r-,«Vi«v>/\irw/Virsji\jf \4 — - rVirvirvjAX> 


i\i«- 

OP P-P P pp • 

■ 


pp ppp pp 


- p p- p p p p I 


p p pp p p 


^ j»p>®p x^' J ' aKMC X 

— fxx^p^xtr xp - '^lup'xmxpp*^ 

OPPPPPPPPPk > > PPPPPP 


tpj 

»n pr-\inp*M^p^p'\i->*''b^p'vp^i'»b^pnp*“i«^»^p^p»^*^iP'b^i^i^.»^'»*^p^p''3 pvp^-Jp^p'M^p^ 

o X 00 00 00 00 c'' 0 C '0 0 » ’ 00 c Cl Cjci oc r. oooooot 'oc^ooooo 

X 

tp> X bilJUbJipbAJbibJbJl*.. UJb^tb. bJUMb'b lp>«iuta.)b^)U ujb P>UiPAtUjUJUJ*uU‘UA 4 ^UJb<fePi 

o X xm•I^— X «— •KKnrtr-^^-^ <mp p — x«. ^i*r«jp'^p-rupp cx i^rw'ir 
p X xr^'rb^x 4X>c>:» ■*l.«c^Ax>^pnc uw' ''^rx xx p ^p ic xc 

^ xopp a X ^ -vxjuip- =i<ip o j/\p^ — xpp p-xx 

X -cKidoci/^p xp r*»ivrirv p^t^ivbop o o x x x — mir ^ir«:x'«cp x ^ 

^ O-'^PP' expP'P PP «cox p p p p« -- 2 XX X(- J rviXDo j o — -*opk\ 
x% xprk»T'tfMr 4 /*t/HCLrx'fcrtr>xtf'irir»r*r>»n xc*f^ir-s> xit'— p x— «x p kTH/> 


Ui 

IT KlKtK.pn K fr* Kir- 

XC'OOOOf-C< <<«<-> 00000 

X 

X bib. b.lAUAi >U> . > .>U P Mib’WbaAJP. 
XOKI^XMPXK^X J Kt TOP Xir*«0 
XOPXO^OXI T^XP^ Oi\Jir <\( 

^ o - ^P' X <■ »”• ox XX XP 

■au^xr r r x«. r ttp cci«tJO« 
o ;3 K>x X C. O O X X C X X v fXigoX <> 
jQC^xi Do.oir»rs »r'rr X « xnririr 


O OOOOOOOOOtjC OOOOC50C Ot^OOOt OC O OC O OOOOOOO OOOCvOCC. 


' oc /O OOOO 


t£ 


• o»x«p OX"' iK»« ijp xir :1 k 01 p K> x*T iK>«p oru«~*orvj*«or\j<r4ooj«'*x 
>-Kv,fvi»r air xpp — AiKixirx xp -*A»r:airirxp xpirir - c^vx^ap 
^ — ».-«r\iAirwA4 u. 

b^PI>PPPPPPPPTP» P P P P' P P- P~ P P T-T-PPi P P-P- P P P- P P~P~ P HPT- p 


n OK«P Xir 4K1W 
— AKViKi XIT XPP 


fp vir JIK«>P>PA 

-TVK> nr> xxp — 


pp»-» ► p p p 


p p ppp 


:vj 


arc t— 1. ( 'Mtput ioi’ Snmple> Prohk'm No. 1 (Sheet ‘.i of 1-1) 



OOOOC t C.COOOOOOC'OOO OC OOOOOO ClOOCOOtrOOr'C, CCC-OOOOOOOOOOCOOO 


^UJU^kaJli. ^W.«.'UJ(a.^*L.Wu.AidftiU4A^ 

— ^ira x>4><^ 

*/«Q<r — w-^4r»r-o^Twrtt^ 

4/>CO«}ICC.<^oaO AcDOdT 

>£)r- r.4ririrw..«»-^-^ c^H^r-'Cyr 


U^U. UkAftJW/ AibkiWl4«lft-U-U>UiUitk^U. JA^yJ<4-W.*ite..AJIa^te^4*Jbk/lL^UJ»JMiJUJ^i&H^ 

rsi^trO'O- x>f\jccio«c-^-««rM«r- r^*-=»<X> J^rci\j<M 

(C o« o- ir»»^«ViCio*^f\j — ^coMp^^njoiTicica^- /vjin 

45 c c— <VI«0< "» ^'\>OOJ>|i»1»*- OlM-»U% c*i#MO»^ — 0#A*.^ 

ot^ rj aoi' oo rvjorf^^r 4> -o -■kt' j^-x fv; « o 4> *-♦- <*v^ 

ru*o^ir— •—o— •t^«r»<\*oco — ooo<j>o ->oA>^rvM«eo*^o<VP-nr' 
-C-CX«O4JX4tw04D4[f -O^ « X)^ <C X> X: « X) O X> X> ^ X3 —O- XST 


000 OC cccococ 000000 


00000 <^000 0 0-0 00 OCO C<5C. 000 c O^c < 'OOOC c. COOO 




X>ir X5U ' 4r««^tf>r' X)fW> a X>jr •--•crvj*-c 

--xv.»^:3 X' -C X*- X3»- ;a ^ »T X^r- <V. <o :i X»Vi«n^»- 

^ _ W-. - f>jf\j f\4#\jiMr\jnjrv. -«- - - r ^fvirw^ 


*- *- »-♦-►-► ► *- *-*-►-» 






OOOOOOOOOOOOOOOOO O 00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


^I^l-^ll« IL. L».L.Il.>->.t.. .Ia . 

—O’ XXiT K^O^ O --J -3 <C O- :a o «; 

irO'**to^r~~rux<r xf\i ^ Xf\iO“ 

l>0 <\|<WV rvj^O- rvi —<y X 

rur- «3o— •oo‘*^o 

o<c>Ci O'O' o a o— *^-fcoXfcnooOK>f^ 

®*r«n*A4riri--^^ xx— ♦^xr- 


ii^LXU uJWJm. UJiaJ iLiLki ^LL^it^4A^I*J^tLHkJik.lA/>«^lAJ 

r^ X X fxjjr 0 rv.f- xcxr^«<^ o ^xr-tr jiTMV«r>*xo*^x>XK*.oc: 

— o»T' 3 OC r^r- r orv<r- x iT> o K“i xr- x«-*— o r^-flOiT^^xroOf" 

X c xr^ o o r- Kv->.-XDx — ^nj*^ .3 x 3xa>xo 

txoo^ «<7' 04T XO -- »<-J i/vo r-x> *r o 

•-- i --irTiO' -»OOC*<7-^« 3 000 --••cp-n/>OX> 3 XO 

XXX xr- XXXXXXOOXXXXXXOXXXXX X X •'-X XT- 


00000 00000 00 000000 


00000000 00 00 oooo 000 000 000000 OOOOOOOO 


X4T 3 0f%i-^o#\<— «orv--cf\jrv» 
?-X»3*rXr^ AJP^i/M^ AJ3 Xf- K^XiX 
fwtv OjrwAJ »X -^^—.--rfvrvjrv 


K'XlT’3f^«r“ xrw^ 3^^«^- X4T xm3 o/v-^rxj^ 

,-vvi*^ xr- 3ir xr- -wj*^r^3»r x^• ‘V^^irvr- fvi 3 x*^ *^ir x 






r<0»0»»1»nK>K\»«3»^»*»3 3«*»r»>3l^KW^3 3 3 3 3 

OOOOOC OOOOOCOOOOOOO OOOC OOOOCOOC C>OrvO 000000000000000000,000 


►nx K>iX/\J X)3 r- IT* o r\i/\j »- ^oh^t-^o 
o-x-c.ir*r— of-a 3®xu * or-^ruo 
X 3*r O 3 ® XINJCWF- rW03 3U^X OO 

xtrin^xoi-v^ 3^.r 3 3 
«*X X o X X — — 3 OiO X C 3 »Vi,r 
trKxtT4XX X'->xxx'Vi 


trxxxr^of-irmrvxxi^xxx H^a ^4/ XOjv- C — XO*-^ KVXjC^ XX o 
— r^ a rv--x*^p^rv- X 3 X <y (7 occ X O' x»^ - o<xc«3o orvir* 3 o 

OCXO J^OtX^\iOlrX^>JX— <\ari X X 3 3 -- 3 of lX3VU3t^ XO'X 3<Vt> o 

3 3 iT— ^K\flOXAj3K^Xf\-»r X^-^X 307^3 -^3fViX^« X 3 
r\jr*^oAJ*^— irkoo-^«^tT‘ xc o-^fMfM-^ofViXr- *«oo»o»^^r- ix 
X xr^^XXXXX XXXXX XXX XX X XXXXXX-— ^X-'^<»X>X«<X-XX<M 


OOOOOOOOOOOOOOOOOOO OOC OC ocooooooooooc o oococcoooooooooooo 


Xf- X4r 3 Of\i,-^0<M— .-^ 

<\.*^3i/'xr^^i^kr.xr\i3jn»^*-^3x a 

f\if\irvini«wr\j<v — ^rv»f\j o- 


<W> 3»^flOr^X^^3KMOr- XIT3 Ot^Xf^XiT 3r«»VX^OA|^^<V>#^0/\*-^ 
-VVIP«^3 3^X»- -«<Wt^K13 4r x>- ^fV<r r^ 3 X X r- X fVI3»X*^ l«n3X 


1^ ¥- 




**'»^|0fAK>#*iK\3Hi>l^3«^K4p0 3*^Kl*^><U K" ^Hrnpi»Vn#Of«nK>»i^»0#r*np'\*<^p*>KiK*iKi -3*ni-^3 3f*«»<^ 3 3»*>K>r>J 

ooooo ooooocoooooooo ooooooooc ooooooo ooooooooooooooooooooo 


m|A«J^4u mJUj X (X IkJ U>k«i tx«aj U. U< lo lA.i«X Oi 

--#va: »^xir 3 3i^3r^ o 

r%jf\4r^ 30 

fviAir^ ->^ c cfv/xm3»^i%»o^ira 3o 

x<V3X® X ^Ks 3r- 3 *nr^ »- 00 

XX OAi— XX'\<fW'*'^X 0 0 3 3 ox 

iT4rxxxirir^x x— km-* X’--o xxir 


«jfcl»A.)«»luJi^>>*iUJ>*J lA<ULiU,>t^UJWUJU»U..ai*tL/%>i>*itt.-*4,iXU,ia>^lfaiiU>0XIHWiWlt*iUJUJUJ 
OJK 3r\)<^3 XKK4X 3K XfVJr^X X K«r-^ X K^V' AiX 3 30XXt-IT 3r- f\tO O 
o-^Xir ® <\jOir>3 OITKVjfU^»W^K4 3 X3 XXX X 3 XK\r-r>«^ 3 3r^ X® O 
X ®x X ox -■'tr»c t\»^Cf^®irx 030 x 7 -*^, x#*- r\jr-*rto**'— ^ 3o»n»- o 
x«i r\j»^3 r*x X rrx xx 3 3r-*® xxx'VfCr^ Xt^ 3r- o o 

KXJ' X — X 00 --*oj rvh-‘ o c t; ^rw* 3 oof\.r-« 3 0««\»<^coxi^X 
XX® XX XXX X® X XXX XX X XX XXX X XX'-K^ X«'«^^X*-^XXir 


0000 O 000 c 0000000000 OOOC'OOOCiOOOOOOOOOf, coooooor 000000 OC 000 


XiT 3 orvi— •CI\J»-C€\J»-0 <Vj® 

fMiA3trXXKl^3 X>MKk(rf^^3Xr- X 
rv^rvi f\*»Xifvj pwaj ^ --^rwfvj fSiX 


--3 XU"' 3 OKI® ►- Xir 3*^«| 3 ^> X»T 3 K 1 ®K- 0#M— »OI\4*--*OfV--^oAJ® 

«-<€M»OiK>3inXr- 3»TkX^' r- -K\JKt3ir' X X»'-K>3 IM3 XV^ X 

-*rvjf\j rvjfvjfv; JVi/Vif\j ^-Ajfv/ruAjX 

0»“7 ►► ► KKfr ► ►-K»-K»~ 


K»^K'.K^*^K>F^3 3»^Kn3KM^ 3»*>»^KV-1 

OOOOC, OOC OOOOO c oo ooo 

L>U,t„.W I. LI . >1^ H. IL-t. . H. 1. U.i U,! 

X® 3®3l/'K-»r* fNZ® Xl/'X<\J3 3»- «c 
CX IT® f - X 03 VjX — 3®K'X 3KIX 
w-KT ®®f>i0X<^0®®r- .^x 3® XX 
#MX--*®)r-K* KiriOX®OX® — '3rU3K> 

X o IT* ® ® ® ® •- o ir o wx »\m) tr otr 

trxx xirir^-^-^x x-^r- x— X'f- X4T> 


3 K>nrO*»^*0*^K\K'K^KlK'r^KlK1i-nK'K^K»K'*^f-nK’ 3 3 K»* K1 3 3 3 K'K'K^ fU 

X OO, OOOOOC'OC, OOOOOO O'OO C oor OOO.OOOOOOOOC'OO X 

X X 

X n.tlA. .J UJU.H. A»lU U I., ,1. lit t, L.!,->K,lU.I«tU>.l.....,U ^ 

X »rx X ®#\j<vx X KMrr^O*rC l/W- 3X3fW30-‘4r'^^X*\J XOOJfV 4 0 K‘«rO 3 X 
X fVjT^r* 3 r>n r* ® K' <\*® X <— r- 3 3 c «r 3 3 K>K* r* nj X X Ki 3 r\i 3X 3xf\ur c x 3 X 
kTf^oXc »* x^nx x®rvx 3irn\*ir XC OKi-^-^iXiTfV/yr --••-»^^Xi''»XX ICOX x 

• t^X X K^-.fU® X 3 — »0« XK K- — -iTIfi 3 3 (T'X *TC XK^ 3 0 3 • 

o r-r- f\,Kif\; woo »-4rnx 3ooo-^K\®«joco— »oxK^w3 x^vcxt^t- o 
X® XX XXXXXXXXXXXXXX XXX*»*XX X*— --*-XX W«XX'^— ^ XlX 


OOOOOOO ooooo OOOOC OO OOCOOCCOCC-i ooo OOOOC, |»:)OOOOOC ooo oooooc ooo 


Xi/'3*^v«or' x<M-.orvi-^orv.— o#\<— 3 

»V*^3»Xir X^*^3 XK^ KllXXfVj 3 ITT- 
fMWAtrwrvirvwM www^rurv,fu 

K*-7 K»- 7 ¥- ¥~ 


n oK>®r- x^ 3r»vc 3r- x \0 3 *^®r- k' x»X3H^®r- xfxj-'^rvjworv —K7ruw3 
•^A-AiK- 3ir x»^ r- ^a*k, 3®*xxr* wa<k> 3 ®»rxr-* A 3 x»-K\irxA ^ irr- 
U, w^«wwww— iwAAJAAAiA*AilM wwwC\jruruAI 

t- 


■10 


gure 4--^. Output for Sample Problem No. 1 (Sheet 10 of 14) 


oooooooooooooooooooo oooooo«_»oooc ooooo 


■* 


1 / , 


I , 

\ 


-‘ ' 'i— ai 


oo Ciooooo ocvocvt <_vc rxrocoo 


^ -Cir X — MC » • 1 '^ tf. » o ;» «. IM o 

O ■■a I ■ 4»>- 4>Kr- ^r-W 

r\|p^c»<«i4r ^o«)ti>c 1 ofvioira-*/ — 

;» 3 -O ^ru«>— o 4Dl/>0 

X)X -o^ a: -c^^cx x— €»•- 


4 ^« 4 - UJIu .1 < 1 - kij^iWi^f lL.U>^ WlMi^ 

O«O--»w^^cj®«*a 0 «)C 3 OO^— 
rv.'T- c> 3 cr ^•fwr 

pAAi»^t> J <Ti ^ o *->r-v<y oCl> O »T> O' 
a — Xtr<Mc*^--«?\,K*^ 0 - »iTt(r 

:» ir« rv_-tJ 3 .3 :3 lT X -/ O 3 3 3i/^ ^<0 tA 

XX x; xr~- 4>-C -O C > XXXXX*^iCX 


oooooooooooox^f^ oooc: OCX ooc' c ooc cc^ococ. c. o cc ocoooorx'c* *-r crj*;c-.ocjo 

.M..I.I..M..I. 


^»r-x*>^^<o»-»-^Xir :»»««r-x»r — o-v— oiw— 

— »A>*ni»irxx»^ — aj*^ :3ir-<r' x » — 3 sirxr^r. 3 3>r r* ^ x^xr^irr- 




►-» » ► 1 


3f- XiT JP^Xr^P^XLT' J '^Vt. r- X <\iiT 3 <X 

3iT X WVr-' 3 3' If XI Aj»^3 3 

•' •- — •-'-AJtv.rwOjfNi 


I- *- * #--» *-► •-•-*-•- 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC .4 J or. OOOOOOOOtj C wOOOOOOO 


1^ Mi ^ ^ ‘ *A.UJ^tL/*4i4x> 

o3i^i/>Af«-*ir'*'“ o xir« xox»- iMK\or r-i/>x^-K3 x->^ 

3 3 «■— a COX' X 3 «— x»ir» oxO'Oii^ ^ 

1^0 3 ir»® <=>o--Hr r^ — ®im---k 3 ' ajkvco — *aix xr-«wr-*Air»^ 

3 *^^XAiX 3 *M^>*w*>yM*»irAiiw<s»^«rn\j<;fvjAi^ 3 MiMir x— o •-*«#> 

X X X X XX flOX X X XX (X X X X-^ X--XC X(C 


xr^r. 3^v.xf^«"x — 'irf"-* r j 3 3Xx^ 

— ^rr'fvj-— 'air oxnj jc ^'rkj^ X 3 «»^x 
ox m 3 x<vx— xr' --*xx X X ooxx 
ruo<» x-^ f'-X xru»\jX<vKsu' r-XK'xx — 
iTXXirr 3 33 ir>a> X* j j 3 3 r-iT'iVP*i x 

xxxrxxxxxxr _>xxxxxr-xxx 


0000 00000 ooc" ooooov^ ''vc:>ooooo 00 000 000 000 


00 00 0000 00 000 00 000 000 


►*>Xr'5»Kl«»^X»\l^X*'^f^XX'-^3K>Xt- XX3 0l\i--C:(\j— O^— ‘<>A*#W 
X l/V»T X»^ — MIA ^ ir X^ — AIKHM-;* ar X*^ fV»A4r A* X X»'>*AX' X 


XlT 3 XIW' 3 KVl •- 

3 irir x^ — > 3 ir xr-— pajk'i-^x 

— •^\/r\jr\j/\jr\j 


I— 3 - 1^ ► I- r- ► 


* » • ► »- *- I- *- ► I- 


OOOOOO 000 00 000 000 00000 000 0000 00 00 00 00 00 OCT c: OOOOOC^OOOOOOOOOO 


It b l t a lwH i I fc -*‘^1 *1 fc-^‘*fi ^ -v**! “i“*‘t‘tf T‘“ ^ *-*-3 T 

IT x®»Air* 3 3 U>®xx ^x— xy^x o— ^x xxxoo--— ^ »i^xir»xr^i^o 
«r>-^>rnH%xr^occir^X mm: r\j#^ rwx x 3 r- 3 «: i*^ 3^ u'' — ^ 

X-^AK^OirX®»Ar-«<-*»A 3 -y\XMwM« — XX XKIM-^OK»lAM£C.O 

— ^x«-o-H»nxirxxx'X»-«c» 3 XiAMxo 3 Xo-*x xiAir ok>x 3 iT' o x 3 

xx^XiA»*\<AtnirMXMiyiAiA>*a>orufmA;a ^ XMMooirt.-^irMX''yux^ 

xx»-ttxxxxxr^ xxxxxxxxxxxxxx^^r x^^r^XM 


U_’ UJkti ^ 

X 3 xot/> x*A«ir«r --ojAiiox^Mox 
xxy>x XXlT — XOI- < - MXMXo^XV^X 
3 XM 3 X<ViiT>X 3 ^iArvjr-»-r »Air»Xc:oy>x 
X>»^f^X -^X 3 0 X»X® 00 Al 0 

x<x XX 3 3 3 3 ir»*r.»r '-^3 3 3 ir> 
xxr-c xxxxxxx ^ xxx x»-x xxx 


oocoooooooooooooooocooooooooooor 00000 00 ooocjoooo or < j r><: 000000 


X*'— 3 «^«j»-x*r 3 o*a^»- 3 >«i 3 *A®»-ofv.-^ory--^Mi--— <r 
— •AMA 3 31^ Xr- — Mi^*A3jr. 3 3- •^IT> XIVi JlTr K~ .3 X X 

3-»-»- 3- 1- 3-*-*-^ I- 3^ t- *- 3“ 3- 3 ► 3-3-»-3-*-3-3-3~l-3-K^3-l-3-*-3-3- 


M*r -» 1^ C- 3- XW. —3 r-^>«c 3- X^' 3 0 r^a03^ X 
— fUlA3 3^^* Xr- -Wl^K' 7 ^ XI- -^OjfViA3 
^ M M<\*Aj 

3-3- 3- 3-I-3-3-3-3-3-I- 3^ •-► 33 3^3~»-^»- 


9 «t«P),KMAfA 3 ^ 3 i>fA 3 r KMTMA«n 3 A 3 M 3 ArnaP^ 3 n»^ffP'.#Pl«M 3 «tp^ 3 3*^3 310^^3 3 p^H^M »<»*^^ r- n-' K' K^r-%*-rv^ 

ooooooooooooooooooooooooooooooooooooo o o o c o o or* o < c >'.< r> o < - c , oo o 


«XXX '3 03 A 3 -« 3 - ^- 0 «nXX 3 A 3 XXXlA»»W^ir 3 -i/l« 3 -XXir XAM 3 3 - OO 
XM3A0AlXirXO--*^XO3X^*^ X -^IT 3 Xy»X i^X X —• X 3 -r-X 
W\iAiAIX* 03 ^lAfV 3 X 3 A® 0 «)#\JX 3 X— X«CX XiA --* 3 MCiy^ O-^IT y> 3 «. O 
*>««<«A-«Ai»^ 003 Xlf>X•Ar'•r«Al 3 -* 19 «^ 3 MMX 3 0 -^^'^l/^f^ X ^^3 3 X 0 
X 3 n 0 3 A 3 A 3 *V 3 3 X OXlA *30 3 ir 3 #SifVA* 3 AX'«»- AiO. O — 3 0»- X-- O — 3 X 

xv^xxxxxxxxxxxxxxxxxxxxxxx^^i^^'^x-^^t- xar 


Ui ^ aiilri I 3 i I.AJ Ui U.MU* 3 > l 3 h-i ' .A> ><• J It J UjiU «r 3 bMtl Mi 
03T O 3 M>KlX 3- J l> — *1/ ^-XpAfOXlTXXA* 
(ViTt- «:n 3 X 3 r'«)xx a « x-^<o 3 ^ 4 r «0 
1TV3 Xli'l^mxc Ajo: ccr X#^ OK^C<.3-^f^X» 
IPMX «:o xoAi 3irtMiir^poo xxoo«y»\iX 
«LX3A3^arXXM33 3»T r.#- X 3 3 3lT3- 
Xr- X XX XXX3-X XXXXXXXXXXX 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO oo O c OOOOOOO 'OOOOOOOO 


«-3 3 A« 3 ^Xir 3 0 iAX>*' X^ 3 3 *MD 3 3 - X IT 33 M«> 3 ^ CXM — OMt -^0#\i — *0 fM« 
•^ 3 ^p«\ 3 y'X 3 ^*^fyAI 3 A 3 tAX 3 - 3 ^..-yyM 3 ir>XX 3 - IA 3 XAAA| 3 ^ 3 - Ai 3 X 3 - X 
— . — t— ifVMirvjMX 


■^3 Xir ^3 03 ^ct 3 rif 3 »^« 33 -Xl/l 

— yVi lAlA 3 IT X»- Mii-^ 3 Xr-3'-«ruiA3 
»- »* — .► •-* AjAiAiO.! 


rvi 

03-3 3-3 3 3-3 

■ 


3 3 3-3^3- 


fA#AiA3A3AlA3A|3MA3AiA3AKyA3A3A3A3AjA3A33.>A3A*in»iA3 3 3A3A3 »AiA3 3»AKI|A 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

laj«Ai4i^(aj|iil3iUMi3 MJWiliJtJiLl dilute; 1^ Mi U#M>UMftJlritil3JUAtJ(t «ii 

33 A 3 *- lA 3 - 3 -iri»^ 03 - XXX 3 lf‘XAJX XOX 3 - Al 3 IAU'y>r- 3 3 or — mA 

*^3C»^«X«»-XOXI3AXOOf^AlXOO— *3X0 3XlAX>^O«»AAit- X l« O 
«0lA0 3 XKyAXl* 3 X 3 XX 3 -*r A#AHC AiT-^ XXX A |3 O— AIX — OlA --AiO 
3X*^xrw3-«rx xr- 3inxiriA3x»Ajir r- o-'^Ni-AXAx iao m>»ax® 

OtHifAlArAtryt 3 Ai AlAllAirW^- MAiAmA^ <^X A,iAiAi AiOMIT AlX X |A OpAiT X 

^^xxxxxxxxxxxxxxxxx xxr-3-xxx-^H-^ X--M- x--<c x<r 


O |A#A|A|AK“ KMApAtA|P*f^,K*r''3'W<* ►•>pA3A»AKS|A 

X OOOO oooooor r , *' c ooooo 

X 

X UiUi MiU«*tU3>UiUJktlU..*3i>><. u U.Htt«*iM UMiUJ 
X 3 - x^xoxo>y^o 3 Ajr x»~ lox irx X 3 r^ 
X OAjt- XiAX 3kT<' 3^ r Xr -*x^ if — 

-AAiircM''i^irxy' X X I" ' •»*c3ir3—o 
•ir IT « —X 4/> "-"X X K'l/ L/ C> a K'o — pp'IMO® 
O lAir> 3.Trf^?-eCX 33 :»ir 3 - 'I.' 3 3 3»r>X 3 

r-xxxxxxxxxxx tr r-xx x XX3- 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCjOOOO OOOOC" OOOC^t < < < i«^'OC' C OOC^O 


OX»AJr-XX'3lAH: 3 3- Xm3lA«r-3AXl/' 3 pT<X 3- XAi — OM-OAi-^OAl-- 3 

.^H<yAi3A3y'xr-r> -^i^3xxxt- —yxiKUkrir xk aj 3 xr- »*'iri xa. 3irr- 

,,^^«^^.*^^^..««^IVA|AiAiAjAiAi AjAj 


3-3-3-3-3-1-3 3-3-3-3-3-3-3-3-3-3-3- 3-3 3 3 3 3-3-3 3 


m Ol^CT- Xir 3 3A«. :» 3- XX' »*^'.C r- K> XiT 3 
— AiAjiA IIP Cf-r- — >AJ»^ 7 I/-' f X3- — Al3^3 
Ml »..fVjf\j IV A 

*-•3-3-33-3-33-333 331 3- 3- 3 3- 3- 3- 3- 
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Figure 4 — !• Output for Sample Prc)bk*m \'*. 1 (Sheet II of J i) 



RRPRODucmn.nY of thb 

OUlui A . PAGK IS POOR 


ooooooooooooo oo 


tUt&lUJ AJtei 

® «-'•--• ;3t^vq- oc»r^ < ^ oo 
r*»^ « ?i •> r* 4> >• 
^ CM^O ^ 9 oo«fV 

« ^ 4) « 3) 


IkitMUU. ft. Vk/BiU ILJ WJ tUtaJi^I&ji«^liit*J.AifAJ tarUtJ 

«•*— -0»^lft>\4»^>0 »0-|» ^ » n*\ J O OO J 

<► Ajty ^ -TT IT'i/' 73 IT 4^C'f^ 'J OOlTOOf^V' 

irvv*^4>ooi>i<Mr4/^o«^4>¥^fUp*tr^^«>r~ ^3 9 

•O 4> 4)r- o 4) A40IT 4> r^ O ® — ^Tkrf' ^ A«^ — ^ 3 «-«3 *-4ri 

4} <A4) 4}K^ e4)4l4>4^r^^ CT 4> 4KO 4 ) — Hf »■ — ■♦ » - ^ ^ ■€> 


UMU^ 

CfUO 

•*»r*o 


mo 



OOOOOCOOOOOGOC^O 


OOOOOOOOOCOOOOOOOOOOC C OOOOOCLOOOOOOOO ooo 


r^4)«^ ^«orw-'«ofv-'*ocv-*«Of^ 


9 v^ 4>m -C4T Y^30r^4>rw^^r^mf^ 4>ir^«'«orw^o'v-»^oiW««o»^ 

■^*^^ir‘4xr«- . 3 irv> 4)»^ ^ 34^4»r-*w3ir‘^r^3 




OOO OOO ooo O OOO O O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ooo 


lBHA4lL.fcfci4^i^Uifc*>hftu>..«*l>*lUiiki 

r^ o ru »^>Aio <-*o ;3 ir 9 3 

o A«r c <MT MAi(^ r- ^ ^ 

9 3 ^ » 04» r- ««3 a M 

^YtTMT tfV a a AM fXJ «> 


irir-firo«>»^ «i^ooK'7»''»nK>4io#'r~>o^ «fu-'^w^K^4)rt4>(^o»>~9^» fV4MA 

4>— 4\i:3»«u^ir^'^Ai4)^r-«isoB«w«t*M«rai<r r^a^vo 

4>4>»-r-«4)^ 4)4>*--»- o- 4)4) 0 4>r-r-':> 4>-e 4)^ «"■<>►-<» 4»-A> 


ooooooooooooooo 


ooooooooooo oooooooooo o ooooooooo OOOO o 


.•ir^ o#v<^orV'>^«onj*^ofVAt 
^ A»^. r- fU9 « r- rmn « 

II Aj 




•A4JiA5»fA«A‘ XAnr^BA**^ 4>tflo>^BA«t^4>ir9C>A^.^onj<^«fW'<'«0«um 

^ 3 a IT •*> :3 ir>4> r-4W*\«r <V^ rAir» ^ 

. ,, 4W AMAiA<IM»^4V 

B- ►->-»-(►>•-- 1- B-K * B-* 


•AM^»^3iA#A33lA»A3 3lA^3 l'*|ABAH*IPABA^rA«AtAr<M«>t|i«UAtPAir'i«A#oW«U^WA«A«i*)MA ^PAlA 3 3 lAlA 3 3 »^;3 3 

oooooooooooooooo ooooooooooo oooooooooooooooo oooooooooo ooo 


IBAAj UiU.UJUJUMB.tBJUlUItoiUJk^ Ui 

o»»->c»om- ^AB A O-p-qoomo 

03— •3****OAj4l^a O 

0*^»r O— »3 3 4>—^ ♦A4>r- o 

r^«A 3 « « 4} PA « 3 «> irt « O 3 

4>r^ 4) BA#M 3 »A lA «} Aio 3 1^ 4^ 

Ai 


3A-1TB^ lA4iOPA»^^-^' ApAjlA «; 03^«A— «3 W O « AAl 41 <A O^VvOm 41 0«A O O 
9’ OAj>AAiA>aDAj*<»4l3 4^COO — ^iro AI4>4>0 ^ 3 3tA3>«0 

r* — <^Jt^C^<OC^ — OAltf) Air>0— 4TOtflAl4K^4HriO'V*‘ — «3 3 3 4>3 AilAt 4A»^0 
— “A« 03 4)0^ »A 3 •330' rViO 4>4)4: «A^ O O 3> 3 — 4Vi AJ — •t^ Aj Ai »4A Al-«3 

4)— <MA4>4)4)»>-0«K)4>ir>^A^^'3^3r^ir4:r^3^^ ttl|VA40 4) 3 ■pAOA- 0441 

4>»^A-9^ 4J 4) 4) 4l-£4)43Xr^O‘4>4)4}4}4>m4>— 4> »- - ‘ - 4f A- — »— ^ 4W 


AAhlBk^ 
33 3 
»4)*A 



ObAAI 




oooooooooooooooo OOOC-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ooo 


l/'3lA43 — tofVlo-tOArf— 'OAi— '—lO^ 
»n^®»-»-pA4r 4)^3 irr- 413 4> o- 
-•<^«AMAJ a 


rwv3PA4>t^4»ir— 3»A«r^«ir3o«Am^ 4>ir>3K%o— >orw— 4:>Af«MK3«^^-4r 
— >AJiA3 3tTv4>4^ — •AIiA«A 3IA4I4^ — MAJ^3 4>'^»^4^B*4rv>CAi3lf*r^4134> O 
’<• A4\J AM (VAl 


lAiABA«A3 3BA3 3PA«A3 3lAfAAJ 
OOOOOOOOOOOOOOOO 

MMU hJM IB. IM«U^ IUUMbI AJ iBlUi 
Ofwa 4- « 3 « 4> AJ O 

4I30- 34>AimAIIA«A3«3 Ai4>0 
«*^aoxa«tfA40-^«ivo 
3a«)-i^««««iro 
<MO|AfA»'' O 3 3 -«0 3 »- » 
-4^ —<*«»« ***^ « iri 


41 ««1«A«ApAVA»A*A*A«pA»A KW n«A|PAlAlABA*ABAPA KXCA«A«A 3 3 BA 3 3IA lA 3 3 »AKM 

OOOOOO OOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO 

t*| «. It. I .t. ii,i fa Jfc >1^ 1 >1,. t J . 1^ t i^t I W >r - t L»l 

OIT3 — 4VKVO- oair 3 ^^•'^-^3»^BA-^BA«|f%ar3«PAAMA0 3A»^a 
3«xC-4Ar>«>4lPAaOAJ»*Ai»v — ««»*A#«3Al4MC3» ^99^9^ 4>«— ^ 4JO 
r- pAa Aj ^ X o 4/1 3 4T 3 Al*-4r 0» 3 AJ O' O' «) IT*- O IW 1 3 r' BAa o 

O AMkTCl/l -*3 lAa O IA41AI 00*^«) O ^O AM) 3 «rr-m 0«^43 Al <r^ o O 
O0‘4^4»4)r'^A<«.inr-4l^04^0O3irir>C4^O 3AiOl4f lAOOO* 

»-r-4> 4>4>3 4)XB-0' 4)X-44)B- 4»4 3^ 4)*-r-r- 4)0-*-^ — »-4> r- — .-4-r- Br 

OOO OOOOOO OOOOOOOOOO OOOOOOOOOOO OOO OOOO 


3«A4D O PM Ai O Al O AM) 

IA3 3*^ »A 3 3fVBAir »- AI3 ^4- <► 

AMMAI «^^*«-»A>A4AlAl» 


'^3«A«>t^ 4>ir 3 OpA« 4>«r 3 BAM 3»^ 34T 3 pn O Ai^on<»^CMw«o AM) 

*W\j4>SA3ir3r^ W\MBA34A«r'>r> WVBA3V14) 3T pA 3 3AlfA</ir^lV33^ 3 


0»-»-P-B-B-»-»-B-B-*-B- B-B-B- »>-B-»-B-B-B'B-»-B> B-B- B>-4-B-B^B-»“B-»“B-B-B-B- 


•pABABA BA 3 3 bA BA 3 bA«A 3 3 BABA bA 

OOOOOOOOOOOOOOOO 


3 4>3 *«AI33— A-B^— • 
334T 4>r-3 /3 BA 

*3^ 3 3 « « 3 IT Air- AJ 
33) IB O « 41 IT BA «H^ 3 AJ 3 Ai Aj 
a MA 3 M <^Ar «> AIBA AUA 4HD Ai 
r- « 3 3 — 4) X 


tt BABABAaABABAtABABAiBABABABABABAMBABABABABABAtAfABA 3 3 iAbA3 ^413 3 BAB^A 

•C O OOOOOOOOOO OOO OOOOOOOOO OOOO oooooooooo 

9 

9 lBi3illJ4BPUIiBilB^IU4B»4Billi4t.ABJlB;i4jlBJlaJlkJlBilB>l«JU)3>AJlBJUi3JlB)t*lAjlUU>W44)k4B«4B4 
9 3V>iAAJ3BAtf103>Air- -4MT- 09 BAbAOM 3 04T 9 09 O — M) AI3 ■Ar<>0«-4W3 
9 A) AIK139 3— Mr 3 AjBWIT3BAbp^— K 59®l«ir 3 3*3r •■MX — 3 3T-r -^O 
X0A9-0— 9r O— 3>r AlOXr XaAr X Awior- 34/1|A3X— OAir- 3 094 ftiA 
3ir 9 9 rin 3 BA OBA ir fAiA or- « •M 3 mir X3> 9 X X9 r c X r X A) 9 r> 
o xxxxr-909xxxr o3BA3\irixt-oB^pwirii/nrAi— xoAixiABA*^o3 
r-9xxxxr xxx3 xrr-r-xxxxrr-xxxx— t^r — 9r^*^— 9r x 




r- BA3BA 

X OOO 


9BMlkfAi 

9 VMO 

9 A»xr- 

9 r«X 


ooo o o oo ooo o oo oo < o oooooooooo oooooooooooooooooooooooooo ooo 


MXr XAl'—OAi— orw*^*o Al— 3 

imrxr Ai3xr-BAirxAi3irr — i\iAiiA3ir)xr r-MBA3i/>xxr — Ajr'i 3 ir> 4 r xr 

fWUAlAI — -MAiAlA) «l — — — — — AM AlAjAiAlfWA' 

- B~ r t-^r rB-r r r r-r B-r B- r r B-r r B- r r B-r r-r r r B- B bb 


Figure 4-4. Output for Sample Problem Ko. 1 (Sheet 12 of 14) 


OOCOOOO 04300 c: OO OOOOOOO OOOOOOOOOOOO 




ooooc ooooc ooooc OOOOOOOOO 


Urf kiUi Uu«4^ oi ta>4M^ v*iuJ ui^ ^ «>«AU/ .Ai 1^ iuiaiiu«i MJUi wu ihM4>«j kiWUi 

4T CTMD C «^*<\iK>4#l«y o K <0 o *«4> C> ^ (V 

a ar- qrir>«» — orvir crc>«)i*>^ 

<i>acr a^« vO CP Air- JNriO ^ o o<» ;» pv*^iTfc/\unrvir-Aj 

^r^O|>CAHrC;«D«>ir4XrtA»»-«&€r»^ <CO ^Ai^Ai:^ 4/« ^ cr i/' 43 or- 
»Ar^ -Ct— 0 D«X^ PAoiAT- r^r^€t #w-^i*r-r-<paorf'. rwp J oo -1 ^r- 

r-r^r^ 4)wD4)«r-®*x^^^r-«&p P4! x>-c ^ »- ^ r r- 


U^U>> 4 J ^ >Al U>laj lA. <A< iA^ > 4 J .AJUj«A: tAjlk-rUJ'Ar^^teJlAf lA^iA. tA< 

• — *^» r-fAiA-Por-i^w^o or-r- r-i^AAT® 3 o 

^3;ji-Hr<K>Ai«.C“ PCir Ca^^*^i^A*^«4t"A 
r-9flO«>oAii#»r-r'(r ^^r-r-ruirAjBpiv-^^^JirAi 
c tr>o:» ^ r 43 r-o^ airr* Aip^r *«t.^«~p«DopA« :» 

ooruw>oc(^o crp — r' t cr o a- o 

«r-p-r-c« X 4: -Cr r «c <r 4) x 43 r- 


O OOOOOC OOOCCJOOOOOOOOOO OOOC-OOOOOOO 


crooooooooooccroooo c oooooo 


l/'5*PA*cr^«A^»^:»lA<t;r' XAiir 4>J^»-OAi-»C>Ai— ^Ai-^0»A 

^nr^'P-pr- — A«4^^ipir 4>r- — 'A<p^^ a»r» 4>»^ aj irf'r- r^ ^ 4>»v^»>u‘'r- 

AlAJAi , ^ A«A< Ai 

*-*- r r *- r »- »-r *- • 


4>ir^ 4*A«r^r^ 4)^ r 4KVIA ^cO r^ -Pi/' 

:3rf^ppr- — •Aip^ ai/'ii' pr 3 ^tr Pr^ 

- WXJ A*A< AifM AiAJAi 

■ r r-r ► r r r r *- 


^ pA rf J rOf^:j*^fApA p^rOi»>»^^-^PAP^P-nKlKiK'(^pOp^**»i«*>««^ 

ooooooooooooooooooo OOOOOOOO OOOOOO OOOOOOO OOOOOOOOOOOOOOOOO 


1.. ■ -.1^ I. .U 1 ». UA«. 

«4r>^K)«-»P-~o» PC ^«npcr^»o ppr^ ir iriro p p»- p 

•'oifwAAi^o^ 9»«<rr-irv«"»wcjp pflr«**Anr occcrr^or^Ajacr —oo 
o*AooOir^»AAiA4C(pAj»^c^p p -^c3ir>«A'«<x:> Mrr~ p«cr- »AO 
4 iA-'«<V 9PO«>«;3 P<PAjr^^— 0•;9r^P^(plA««Cxpr^p-^^^PA»^ 
•^pttctf>aiAAiirr>r'«:«Ai»'^»^ r-cce-p paio :>^*'4H,>c^AiO-»p 
«> « p p p Pr- c <r p p P pr^ p p p p p •-►--Hpr* O' 


Culrh^*A<^tk->4a.UJkAi ^ tJj lA^iLitA^iAi feu ^>tkJ t« «4l>A« 

0:»AiO <-*«Af*Ar‘ ^T^fC 
pi^f*lK\r- AJ*A*r— MjOOO*rKtAjr^Ai»A-»OC -^P*^ 
•^iTP— ^C»^r-0 0 oAi:;yi^Or- JOA*:>OC^ 
p«~^ -'^Air-O fMPiA«>»ArAP-^P«0 :^o 

OAiir ^50- OO O— *«r ^CjO 000:3 »AOP o O «-»Aj 
r-r-K(p«p pp^-r-r-PO P pr*‘*^r-p-^^pr^r-r* 


OOO OOOO OOOOOO OOOOO O OOOOOO OOOOOO oo 


OOO OOOO 0-000000 OOOO OOOOOO 


m 


n 


p«A«Or- P«W 1 3 »A«r- 4 MA— *P •Apr- p ^3 O Ai-^o AI<»«OAI«^OA(Ai 

3iP4APr*-«-*Ai**»p prfi ji j\ pr- rw*A»Ar' ajp pr~tA«ri P 

-^-♦^-aAjCVAPWAjAjAjA- »-«A«AKV 


r-f-r- 


- r-r r- ► r r r •-- »- r *- r- 


»APir 3rApr- powCAPiAcr- pp--*3»Acr“ Ptro 

^^riTP*" 3 3ir» P^- —AfKI'A^tTPr- 

-rrrr-»-*“rr#-r-»- rrrr *-r-»-r ♦- 


P^.»AlA»-^A«A»AtAK’f-^»AfA»A3KW^»-^»AK>*ArA3 3*A 3 3»«>A 3 3 tA3 3 rAfA*A*A»A »<VA»AiP^»A 3 3 »^»AK>»A*A*a 

OOO OOOOOO OOOOOOOOOOOOOOOOOOOOOO OOO OOOOOOO OOOOOO o o oooo>ooooo 


■A|A«4V^OO pp AiC 3« Op^«A 3 lA P <-*3 P 3r- iT O' A.C *^^P PC' O 
r- -^ArfPOOrf'iOP'OOC pApAir AJ^^o p ipfA 3 PC 3P pr^«*«Aj-^o 
3P3 3r-<rpr*p 3 3 C»^»A3 3PP^P3rAdAr'-P PPP>— CAiP O 
3ITPOP POPO 3® orvi ^ — *c«n— .0'-00*^P 3 PAJIT 3 
PCflDCPc^— ^r'CCpor^or'3^ p-^A^«Kp^*Aop 3C^3 «a»aooo^ 
p pp p pr- CO p p p P pr- P p P r- r-r- p — »-p-- - P r- — Ai 


ii«JwJ tAi k» 4«J k..«J toJ UiUJiL. - aJ >. _ ikrf tA> 4A>«^ A*«Ai Mi 

>^3Pr-r^3 PPP AiPAJ4^ — r^o*MAiP popcA 
PC c r> r' --C P p o® pjr p p p P P 

A|3AiOCP«C 3C^P3PAiP P OcX> AITkPfAAAPP 
rup 3 OCS-.-pAj'-WMAirA®® r- iA>Af^-^P03lrf^r'* 
AJPtPPP 00>«^^3 0PPO-PV.OOPP -^3»A 
r- t^op pr^r-r c-^c.-^ppr- r--® ^p p*- r-f^r- 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOO oo OOOOOO OOOOCJOOOOOO 


FAior- piP^3>^«ir-p^3o»A«or- pir3toc —oai- 

3 3ppr-— #w»A«A3Ppr-'— AiA**^3 4>pr«»-iAp>prj3ir#-iA3P p 
>*»^MAiAiAiA£Al«WM P 


Aitf>3ffA®r> Pir-^3P^CK PkT 3 0»ACr-P4ri 3«A 

— ^r^3 3k/’Pr-— ^•A«A3ir»P>-^A.A*^ 3^pr- 
^ ^ ^ «4<\/ A AifV Aj A>AiA4 






|Ap<V^yi^lA 3 «A»A»Arn*nrA»A»A*^*OfM»»A|rk*A*A 3 3 fA 3 3 *M«M 3 3 #*VAAi iA^^^lAiAPArAAn^A 

OOO OOOOOO OOOOOOOOOOOOOOOOOOOOOOOOO O OOO O OOO OOOOOC OOO OOO oooo 


liiPiAJ^ AJ lk*PMBl p.taMAJ APuMkkAJlutaiClAJteJ kPimilAi AiWJlsPUAitU AJUi Ip 
r^*M.p*r-4Mp»«>oP3P<^AAp -^3 —-^o^-^PAcroptcocAicr-coo 
r PPm-A|A|CP-^^ 3PA»— PA,3lA,-4*rp ^3r-kT 3Ai-AnOPP3 O 
»T op 3 A»P P AiP 3 CP Al -PCtOiT P P « iTP »AO P C 3 Ai 3 Ai C P ►- O 
AiP3AJpMAOr>«-«rA3 3ldr3irP Ai^Pir— •A40«^«Ar-4T4AACIPCP0 

c CP oocor^cp^-Ai^-p'r^r^p AjPirTr-r- 3*-oir*-C3iw-*oA#p 

pppr>r^»~'^pppr-r't^pppp>^r-r^ pp*A»iC^^pr- 
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Figure 4- !. Output for Sample Problem No. 1 (Sheet 13 of 14) 
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Figure 4-4. Output for Sample Problem No, 1 (Sheet 14 of 14) 
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Section 5 


SAMPLE PROBLEM NO. 2 

Sample problem No. 2 is displayed in Figures 5-1 to 5-4; it is actually three 
problems. The first problem, or Model 2A, is a 160 node model (flat plate) exposed to 
the given top surface boundary conditions shown in Figure 5-1 and 5-3 with all other 
surfaces being adiabatic. The entire model is made of Lockalloy and its physical 
properties are displayed in Figure 5-4. The geometry and node breakdown are presented 
in Figure 5-1. The geometry consists of three distinct regions, A, B, and C. These 
regions represent areas of buildup for problems Model 2A & B and 2C. Model 2B is con- 
structed by adding an additional Lockalloy layer under regions A and B. This creates 
a 256 node model, with Model 2A being the basic core. Model 2C is made up of 
Model 2B and an additional layer of Txjckalloy under region A resulting in a 272 node 
model. Figure 5-2 depicts the nodal arrangement for each of the three models. Note 
that only the additions arc represented, i.e. , Model 2B uses the Model 2A numbering 
plus the layer’s shown for Model 2B. An input data set has been created for each of the 
models presented and is displayed in Figures 5, 6 and 7. The data format is essentially 
identical in each case, so a discussion of the Model 2A data input will be addressed while 
noting any differences in the remaining model input. 

The first control card informs the program that the model consists of two boundary 
nodes, 160 iterated nodes, 444 conductors, 80 radi* ‘ 'ts, the highest node number is 1000 
(actually 999 in the model), and 0 heat sources. Monels 2B and 2C have Increased the 
number of iterated nodes and conductors on this card. An estimate of reserved storage 
was made at 12500 words. This number is based on the data size and a user "feel" for 
its estimated size which comes with program use. It should be noted that the output dis- 
plays the actual reserve storage needed and in this case it was 7269 words. Therefore 
the input value could have been less. The user also chose to use 14 eigenvalues and 
employed both the diagnostic option and the flux option. Models 2B and 2C used the 
default output option which displays only the initial conditions and the temperature time 
history. The user then input the desired title. Note four lines must be used. The 
example shows three lines of text and a blank line. On the second control card the user 
indicates the inputs arc to be in degrees Fahrenheit. The third control card indicated an 
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initial time of zero, a time step of 0.01 and a final time of 0. 1. The unit of lime in this case 
is hours which is specified implicitly in the choice of units for thermal conductivity and 
radiation couplings. The Stephan- Boltzmann constant has also been include d as an input 
which indicates that the values for the radiation couplings do not have this value folded into 
them. The 22200 is used as a comment card and in this case' it is used as a se>parator. 

The next block eneemnlcred is the- initial I e’ni|X‘ ratine block anel indicates that all IfiU nodes 
ai'o initially at r)00°F. The block is terminated by tiie' lllDU carel. Note* in Figure o-ti and 
5-7 that the initial temperature block has bt'en ine.'re'asc'el to 25{i nodes and 272 nodes feir 
Model 2B and Morlcl 2C respectively. The bounelarj' nodes !)0S and fiOO are displayed next 
at 2390"F and 59“ F. This data is followed by the capacitance block (mass times specific 
heat) for each iterated node. Again note the additional capacitances listed for Models 
2B and 2C. The conductance links are established next and represent an overall UA 
computation. Both conduction links (iterated node to iterated node) and convective 
links (iterated node to boundary node) are reprt'sented. The number of conductance 
linivS increased dramatically from model to model (144 to ti95 to 727) due to (he increase 
in the nodal definition. Note the use of the multiple parameter option in the conductance 
blocks of Model 2B and Model 2C to minimize the input. The user set-up conductance 
values for 48 conductors with just 5 lines of input (Figuxe- 5-(l). The radiation block 
follows with the first surface only represented (80 nodes) since it is the only surface 
exposed to the radiation boundarj' condition. This block is followed by the conduc- 
tance constant block and represents the value of A/ A X for each iterated conductance 
link, i.e. , all links not exposed to boundary notes. The final 2 blocks deal with tab’e 
descriptions. The first represents the change in specific heat and conductivity with 
temperature. Note the units in this case are * F and inches. The node/table corre- 
spondence uses this table to describe the propex'^y changes and relates table to node 
number. The final card entered is the termination card. 

Figures 5-8 to 5-10 repi'esent the resulting output for each of these three 
executions. Figure 5-8 is the output from the Model 2A run. It includes the output from 
the diagnostic and flux options. Figures 5-9 and 5-10 represent the default output which 
is the initial conditions plus the temperature time history of Model 2B and 2C. Referring 
to Figure 5-8 after the inital conditions are printed the program displays the steady - 
state temperature solution followed by the eigenvectors for the number of dominant 
eigenvalues requested. The nodal temperatures and the cumulative heat flux from node 
to node at the end of the first time step are printed next. This process is repeated 
at each time step. 
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Finally, Figures 5-11 to 5-13 represent a comparison of the CAVES execution 
to a Ciumman Thermal Analyzer execution for these three models. The solid symbols 
represent CAVE3 and the open ones the Thermal Analyzer. Note the execellent agreement 
in all cases thus establishing the validity and accuracy of CAVES. 
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Figure 5-2, Sample Problem No, 2 Node Configuration 
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Figure 5-s. Model 2A Output (Sheet 11 of 49) 
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Figure 5-8. Model 2A Output (Sheet 12 of 49) 
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Figure 5-8. Model 2 A Output (Sheet 13 of 49) 
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Fipure S-**. Model 2 A Output (Sheet 14 of 49 
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Figure 5-8. Model 2A Output (Sheet 16 of 49) 
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Figure 5-8. Model 2 A Output (Sheet 19 of 49) 
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Figure 5-8, Model 2A Output (Sheet 20 of 49) 
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Figure 5-3. Model 2A Output (Sheet 21 of 49> 
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Figure 5-S. Model 2A Output (Sheet 24 of 49) 
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Figure 5-8. l\iodel 2A Output (Sheet 25 of 49> 
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Figure 5-8, Model 2A Output (Sheet 27 of 49) 
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Figure 5-8. Model 2A Output (Sheet 28 of 49) 
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Figure 5-8. Model 2A Output (Sheet 29 of 49) 
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K KMM MKXMM KMMX X>0<>^ A MMXX^CMXM XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

3300 000000000 00000 0 003 00 0 J 00 000 0 3 0^000 0“j0 0 000 0 O OOO O 3 J> 33 3 3000000 


A.l^tk.A.UL».Uj^ 4 A.te.lft.kkkft.U.ILi&.X.U.>A>* 4 .M^Akft.k 4 .U.<^l 4 .te.^la. 4 ft.«V.U.^k^t^M- U.iA.tL^ 44 .i 4 .tau 4 ka>M.«*.(^a.U.Uka..A. t*,kft.u.«A.i«.a.U.u.tt. 


«• o .^WV«V Of^ fVi «^«vxf fW)«v rw-'«AJK^fV4 •^vurw A j rurxi rxicNcfw ruf\j. 

0 0<’:>000000000000000c OOOO OOOOOOOOOOOOOOOOOO OOOOOOOOOOOO OOOOCX3 0 ooo 

IAMfcfc<tU>.UUJ i *9Atati*Uii « >»fc H lJulUluJU9*JvUai.4>UI«AlAUii*J^Uixi)Ai*^UkMlAiA4AUiulxiU>UJ<UAU*«4*a*iAUiUnau>Ma^lUi4>>AU*iAiUdl»UMi 
^tfVO«#«A AX^AA^<X)«W>A)r^i^O A««V0AtfN09 A AA^f^J/'lTVO A A A — 'r-ir* A AAJK^ CO AIT^- 3 r-XUfi A«r» o «? r- ^ r- <v 
AO«*AOO<3 O^^OA/MC A^A'MA Of*- A 3Ar^ Af'-AI A in'VA A 0«>MA*^A O'U 3 A^r^^OJ>f^ AO 
A <'*‘001^09^ iro AO«'«Af ‘'0 Ai A9 A A<Vr>^A AAj-^r^AK' A3 t^VAO -^4T>9^-99 3 AlAfVor- K^OA 

i% OA J% Of-4D f- A or*-^ A i/VA -«(At^ O tft JV/> iTt A Jit*- ^ A A cr Af*> A O O AO .'♦A in 0«>if«\ 3 O 3 

>'«90««C. A«A A AjnA AAl AA— *99 AX>A K1 AO A A r--AKtXl Ar*>r- Ar^imA-OO, 9A AfXiA KlA A 9 -•-«nj9 Amf\Nn*'*in *-*’-in 
Ai\tr«- A^^>*ninr«--^ - M * v >iA «A .—f M- w o a a ArUA r«-f-/^ A 3— *3»-^ -ndr* f\*n 


■■§•••• *1 ••%• • ■ • • •■•■ ••• 


n A 9 A***«tA A»-A 0 « 1 IAint <-9 0 (\ltnin A 9 A ->^A At^-A Or\lA ITf*- 900 J»mr A 9 AAJtfl 9 At^ A O fU A i/>r ^ 9 OAi*^ J* A 9 

1 A iAA A AiO Ai/> A A Ar*> At*- A 9 A 9 A 900 A OA 000»« 0-^0 


9 AT* A«^Ainr-90A»«^ A9 A — t^A A#^ A A IT f**« 0»ViX»in A« A A#** A *-<Ar-*'J\J Ar>V* 90/VX»ir A9 A *«pn A At- 

— A A A A intA J1J1A«i/W1 A A A A A Af^*t*^r^999999 A A A AA A AOOOOO 



0*->Af*-0*n AArvKn9<'«Af*-0*«% AA^WV9 -*Af-0*n AC *Min9-* Af- O?^ AA 'WV*> ^ Af 0*-> AA/Min9*“*A f“ AA^^99 A 
A A AiTinintr A A A»- t*- ^-999C A A A ooc — ^ — fV>r«tVj|X»<*«*» ;j A A Arf'lT-iT AX X f-t^ ^-^‘ 99 9 A A 


X XXX XXXXXXXX X XX XX XXXXXXXXX XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O 0000 0 0000 0 00000 03 3 0 3 3 3000030 

A.t&> 9 UvU >9 UOk.U. 94 kl& «A.U. V*.U.Ll tA-ik. 9 m- U.U.U.M. >a.m. •*. 99 9 999 9 999 999999999999 9 99999^999 


v*-n^fvwvif\KVit\irvf\frv,'vnjr^Aj— •^rv,fs^—fVinjiifVjA 4 iVr-~»fui^fV.#V( — >x\j*^«v:f\jc: ivnjAjrwndfvn* 

OOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 30 0 oo ooooooo 
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*‘* - 9 A-il-k.l.jl^Jl - ttkH. k t -f It* I .-Mt I U jL> IL-Utitk J kj 9 > 9 J 9 J 9 * 9 j 1 * >•■ I !-jl tm kAt.-L.«Lt.W ^ Uit. 4 t,i 1 . t l.j I 1 LA y.-i.- ■ .-■!. I 

^x**nt\»ir A*-»Ar'KA->*« •~krtf>9<\MnAo«*^Acr-OAo a a c a a Air aa c ao^a a A«tntn»OA AirAtntr amKit^o a a *nx 

n«*VAA AinA-^AA AAA'1i-^:e*'«A-*r^'^>frin'<W<^AOr-ino>^ oA A •* A fyAJXMf-A^W ^'-*r- 0*nA«n A '\4f-vOaO Af\l 

ar^fOoir c»-4*-»-n*fnAr^« a— fu*-cA4-AK»»-*nA KK>#*‘f‘'i\.oirAA*x**“A*-‘^-’^A A**xx-fnxior^c a a «. ooa aoixa o 

AO-'^mA A AO<A Ain>*^rn AfX AOOA A AAA OOf-A »M« A*** Aif**l^ 'A ® A A' - A-A -^-ncO**vn OOO -* or*~tnHVnr^^ A O'X* 
I *-A#4 kAX* AAiAAIVA*^ AA« «>*A A CfVO AA<t fW»fX4- A *-*fV A AO A***^^ A t-K* A C f1«AC. A A Ot^r- J"® A IT A ^ O in^ 

/iA'^iMA«\if<*njA'**Arn**^^fn«xn A jv»^A»^innir>*-*ji-*AA A—^Ar^ A-^-»^-*f'*-»w\i-^ni^A -o»*« a af^ a 

■ •!•■ ■■ ■•••! • • • • • • l»lt«| 


3 A 4 *A CtV.A® 4 -C OC\.K 4 nXC A *-tnA XW*- A Cff\iA AX-« C-fM«<^ 4 nA 9 A --«^A Ar'-Qc A r^ OlV. A IT r*. OlVKU A 9 O A Xt** 
•-» -* iMfM-^>t»-«ntm*Mr*W\|»^ryxii»fnAfAAXvn<n^ 4 n«in*rJ' AiT AinAr- At" At- A®r-x-aOA AA® A A A OA A AO-*o— *o-^ 



A lf' 4 *«Oi\ 4 ^irA« A’^-K'A XK A -- Ai A IT*^ *L CIW^A A« A —••A Xt^ A -«t\.Airr^« OfA A A rWXMr XlT A --r^ A Ar^O *~n* A ITt^ 

A A A a A A Atnmnmintn a a A a a At-f«-f'“r'*«A®<A®AC cr o aaa ooooo 


K.OX1A Ar>AnA«*A4-OX> A AFWIA*^^* OKlAAnfin® Af^ 0»^ AAOtm® Af^ o?n AA OtinA-^A t^o»0 P A^«n®« Ar*-o*^ 
^•-^•“f 1 >#*jmX'K>»^A A tj AAinW AX A»**^^t-X 99 XOAAOCO O — cj AAlTkMrAXXXt*’t^t^X 99 AO 


MXXMXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXX.' 

00:300000-30 00 0 30 03 30 30 3 3000 30 300 003 030 003:3 300 00 0 03 303 3 30 30 33 0 3 03 

X 9 9 9 9 9 99 9999 99 999999 9999 99 99999999 99 9 9999 9 9 99 9 99 999 9 9 U 999999999 
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i OF TH0 

Oiti'.i .• IS POOR 


:>0 09000 0^300000 .30 0:>000000ct0000000000000r>000000l3 00000 00000000 90000 

OlAin:« l/W-MOr>OOOtf\^ ^ IA4> 9 O <OHl4>9 oo^ 'VVa<\}*^<04/l4>V>^r^'U 

» ^ ^r O 4» 3T 1 ^ -O O Oi/% --^r^ f^r- 9 lO ;» o»>- a .-w O r-»«> «-*-n 4> » at> ® « o ^ 

^ 1 ® 4 »H** ocr* o oo ® «iy.-n x» :» ifu/^ «« <► oo a o<\i —*-*o » r^o ^ 4 /^flc if» «« o oo^ «o o « #KK»cr f^<r o* 0 (» 

49fU»-^ 


■ • • I • • 


■ 


o4Mi^\ir 4>®o^ <^=9r^c3*^<AO‘fV4r'«.'->4r^oro4>o rwir®^ai^o*^<oo*Q‘ao9-0‘9'0'4r 

;» ooa-<^a*<r o 

9‘m^^ r-o*<n^ <>■<>< LTcc--:>t^ ok* 4>o rviLT^^^j -otT-r^/iro— 


oooc •■»— -^A»rw«tKtK>K>^ci ;:t 4 r<r(r>x>^ 

KWV^ K>K\KV^K>K\Kt r^K\K\'<OH\KV'WW>*^ r^K\ 


K>CXMMMX>CMMMMMXX>KM>0(>«MXX>0<XM>(>0< XXXXXXX MMXXXXXXXXXXXXXXXXXMmXXX'* 'X 

A.«^k4.I^U.^U.I4.44. .A^ U. .A. U. lA. *«. U.U.u.lak ^ X. U. ^ .4. X^X.i4.X.lk A.«^U. O. U. xXX XXX 


^1 IW *« #\d fU*<>AiirwrW<V<\} «>J ^ A»K^fW% AiTM «WAK«^ A« rw Al «W<V Al fXK'WW AK\i <i^AiXMKI f<^ K) K>x^x; Al 0»«Vl Kl 

0000090 00000090 9 0090000 00900000 090000000 900000000000000 ooooooooo 

r<^0>lA#W®t«»9»^00®®®0‘X)»>^OAI|^9ir«>«PA9ir« * 9CK'— 

P‘vAOA|;»f>-4>ri^;»l/>m^rwyiao®^t^O Af^»^-^0 0^-^^AIAK>»AAl9> « 4> •S^lAci.-^»A®tX>r\iryLOtA9>^r-i/>^ ^<i>OA*-»Cr»0-< 
-♦O' 09 o — oa« ooa ^iriA9 **<4DAi^oo4)«w>tt<^—t/ia orA^v^tva ^trr^r^4-r-9»w9ir»—9o®<.®eDfvjrviCj 9 «.i/v4t*9ox 

»9 -OA*<y‘Oor>»-iVf>i« 4>AjryorA-^-»-^y>a>iAhno® 

4}ir/>9 ofv^iT^Ai«AM>‘Oir^c>9ir®oo'Ac; 9^o4rAi<^r^<co 


• ■■•■■ ■•• • 


CAi9irr'®c: AifA^««Cr^XA9 4)4*0 0 9 OK> 4)9 AlIT® ^ 9 l*- 0«A 4>frru4TiC «^94*0«*^««>f\iir»«r99 9 9 90*99 

W1^-0««: «9 990 09^*^^«rMivruKV«XA9 9 9 9y«4>4^9 999999 

9-^airr^®OAIX»|f>^C9 ^--•A53^4-9— Ai:3l/N4*«: 0*nX9^-C9#V*ir«^^r^0^^9Ajir«-"^4*C4»^99Aj|f'<-^9r-0*^ ^9 AJ 
o«.^-» - *.-. K>ifWW<WA#«W\*KVA’Af A iA»A^99 9 -^—.-KXAJ'>*K%HW-X'V9 9 *» X»4U%4>99^r-r-f- ^ «. >^4 »m 



4^0K»4)9A44l«*^r^OKt4>9AiiA®*«9r^O*A4>9 AlXkO'^^r'^ovA 4>9A«J^4) 4-9#A4)9 '\*4A«) --«9 f^O*A99 <\kA 4> *^ar>^o»A 4 ) 

9 oc'oo<^«>*^4\*a.A)K)k\k^k'9 aoirirtr«4;««»^t^4*«<c<ca 99 9 oc c — — -kma^ajA/kikik-^ ^ air^irir 4>>C4)*- 

AJAK^ Al<WNl AJ AKU^VAiA* Al A*Arf Al A|T4 Alf^rw ?X A) A* nXWV<WA*A *AKWA»A»AKWafArA KlrArAr-AK) i^f^AKVKWA »AfArA#A K1*AK> 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx><xxxxxx 

33333333333333 303 3 Or>3 3 3 303D3:3 3 3^3:^333 033030330 303-D333D3 3 3 _i 33:3333 

XXU.XXXU.XXXlA.XXXX XX XxXxxXXMkXxxXxXX XX XUX XX XxXXXX xXxXxXXxXXX«aU XxXxXkA 


fWW^ A«A«^Al AiAiA)«VA.A#Ai^tA AfAMAP^ Ai^f^n^Af n««V(«^ Ai Aj A. Aj*AK\OAjAi AtK^AjA) rAfAAM^ Al Ak^Aj AKMKWAAMAAtVAfA 

000 000 0000 00000090 90900 09 9000 90 O OO OOO O O 90 O O O O O O O OO O O OOOOOO OOOOO O 
44-*44444«444«444444444444«4444«4444444«44444444444444444#4444444- 
tjJ I 1^1 tAU t p .A.iLA.t-4A.|rf J I , \ L .A i .4 t *X j Lfcl ^Ai ' * ***|* ^ .4 A ^ 4 ^ jt.f k \j^ 1 14 * . xJ 1 4 < LaAxILuJ ^4it4Ai.4 t 

^iAA)U:4*OlA A*^.£^ir4*4‘lf‘'€ttriOCr*IV4)«A4>trh/Mr9 ^kTlT^A A<Ai^r* C 4>4^tA4r*AO 9 9 ^IT>^ 4>4^ 9 4A4* Kt^ «~9 PA 

Or^0«^**tr9tS>f^4>PA®00 9 4>^ 9fy9»Aa4'® :»'.^'^O9^U»AiA4A.0A4-^-^®pApp* t>iA-^4^o® 9 OO'A^'O'A .4rAa>AI4^^ l/> 

4}C-"9 0 — — <CCO«9f^4*4»9*A0 4'O^C 04* XU 4. — »*0 — 4lA#4, »T 4*9 lA cj *<«9 iT9 4* O 9 jT9 C 4* 9 *^9 ■*>.;» X> ^ OX 
•A^OKiAiO 7 9"A9iA®<-«AltA®r^04*9PA®0 C 4>XoK\i9 4>® ®OAl*«4)Al*«-«(SOAKA(/UA -CAitC^l/H/XO^ 9 ^ O .9«A '>®*A«-«4) 
4>® <93® P^tT.COA O •>irxC.«-A«03«A0C 0 999 Ai39 AjpApA^C 9 3^-*'-**A;4' 3IT 9C C. X A)9lT03® X <9 99 9 C 99 9 3 X 
3®9AI9-^9 -^-^A;»A9-i-^»AAI»^»*lA<0^9— XVVJ — <^rA9 9 ^-^3 9AlX>-^*^ A» *-3 ^<9 3 XA^AUJPA 93 3 


lllll t I I • 


9oAl3ir**X CAifAir <9C 9 4>»-9 OAj3ITf* A C pA X 9 A/rf“ « — 3 »^C »a 4 0 A'lTX *-3 4 X PAX 9 Aj®« •"•3 #* 09999999 

OAiAI<-^*4AIAirU^^PA/^PA:X»A3iA3PAl#VA3l/>3lAt/V>(A4A®X®9 990 o O 0 -^-K\#»VAJ»AK\»ApA 3 3 99999 999 

«OAilAir9« 9-*KV3 X»*9 ^*Ai3|T 4*U CA)|AirX« 9AilT'XAir C — 3 t - w >- X 9 Ai|T® -* 3 4* OPA® 9A*® « 3 4* C. *A X 9 A»IA« — 

0*«^-«<i^^<^*«AIAirwAjA4AJPApAPAPAPAPA33 3 3 9 3 3lA«Tir •-• -xX-U UAIA4AHVA3 3 3i/>krtf>%A9<9 <C4*4*4*® -^^-4Al 


99 AMD® 3 4*OPA4>9A)«A®-«3 4>>OPA<l>9Alin®<^3f^OK><09 APU''®«*3 4*opA99AiX'« 3 4* OpA < 0 9 AA/' ® --• 3 r* OAX9 AJsA 
99 c 0'T--*^3 VAPA/AjPA#aki^ X X 9 1^ r^V* « C 3 3 9C 9 CC c «~^A.Aj Ajpak* pA:^ :3 3 3 IT3 4T X<«<cr*f*A4*33 

-^»<A) AA/^ AAAI Ajrv Al AIAp/WM APAjrUApfg AIPWM Al AKV AJ f\l AJ A* Ai A» Arf AK4 ATApA KJ pApApApApApApApA »APAHVAPAfA»AiAPA “A^A ApA lAPAfAPA fA 


><X>PX>0«>iXMMX>PXX>«><MXXX>«>iXXXXXXK>«>t><MXXKX>X>«MXXM>pM»>0r>«>«XMXA>i>n>4(X>iMXX 

333 333 3 33 3 3333 3333 333 330 3 333333 33 3 3 3 3 3 3 3 3 3 3 33 3 3 33 3 333 Z) 3 3 J > >3333 3 

XXXXX XXX XXXXXXX XX XXXI 4 XXX XX 1.44 XX XX XXXXXXX XXU *P.XXXXXXXXXXXXM. X X X XX XXX 
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Figure 5-8. Model 2 A Output (Sheet 31 of 49) 
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Figure 5-8. Model 2A Output <SheeL 44 of 49) 
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Fi^re 3-8. Model 2A Output (Sheet 40 of 49) 
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AXX 9X9 9 «-XA 4 4 *-9 A*9 9 OX^WA 4 O fVAX AIV A9 ecU' OX*- 4 9 — 4 f\«r« A 9 9 C 4 

mO<M 09 0 X»^ ^XI>\*-*AI 9 MA 9-^99 9 '>* A 40 9 OA 09 •Xf>X 9 X 9 X— A ^9 4 — 4 X 0 
C ACXC AC A ^*9 OA C X 09 9 A 9 X 9 A 9 AC 4 090 XC 99 ir 9 X 9 A 9 A 9 9 9 X 9 X 9 X 
m wywX|«>Xik»*nj •-•iNi*X\i 


-« A-A-^A— A-A 
^•XjMXXA XX 
fWWW AXk fv 


A — A^^A-' A-^A-'A— A--«-'C — A — A— A^A-*A^A — A- A-«< »<A- *— A 

lA^^A 4k/W^ A A^'A' AA99 0 0^-WV>\9^X 1 4XX A A99«<«99 3-^-Xi»\A^X 


^^99999999 |.« 9 A 999 » 


- 99999 *- 99 *- 9999 »-> I 


► 999999*'9»-999 
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Fip^ure 5 - 9 . Model 211 Outpiit (Sheet 15 ox ir»» 
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Model 2C Output (Sheet 1 of in; 




uF ltfPATFt» snoFb « i 

uF RU'‘nDAOv nOofS « 

i'*F ^•)^^^^CTr^^ LTN*<3 a 7l4 

)F »Ar>IATTu*- LI*^*<S a «0 

i)F HtAT 9nu«LF3 a 0 


OU'.:. ^ 


l«% a«H^ K\ K1 K) Kt Kl 

O a OOO OO 3 30^000 300 ^ 3 330 303 3 300 3 3 300 3 30 '30 30 3000 

♦ ♦♦♦♦♦♦“♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

mt 1 i .1 . tttlitfc ■> I 4J ^ Ai^ui«AlaJ4Al 4i-Ajlfti'U ~ ft* 

OOOOOOOOOOOOOOOOOOOC:. 0<300<3*3'3<JO OO 30 oooo oooooooo 
OOOO 30000 3 300<»000 00303 0030 30000 03 3300 •30«30 3030 
OO O OOOO OOOOOOOOOO OOOO OOOO OOOO oooooooo oooooooo 
OO 3000 3000 OOOOOOOOO 300 3300 300 000 3 300 3 300.3003 3 
OOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOC3 0000 OOOOOOOO 


i/%OiT)Oki^oooirio4no%fr%c>dK>oirtoi/%otftoifi oinot/>ou*' oyto^r 3i/^oi/i otf>oinoifi£Hn 

^ ^ ^ ^ ^ ^ ^ <vr>i f\i 




ooooooooooooc oooo oooo oooooooo oooo oooo oooooooo 

|fciltiU^.*i>^ajUiAJ AiAl AJ>*iM»i»><aJ»<ll>*i»tiUJUJUA*iU*»>iaJUJU<l*jaJ»AAuj«Ai>*J 4JUi 4k^4Aj . aJUj 

OOO 300 300 3 3 300000 3 3 0000000 300 3003 0 3 33 3 30 30 3 30 
OOOOOOOO 30 OOOOOOOOOOOOOOOOOOOOC-^OOOOOO OOOOOOOO 
000-330 3 33 3 300 30000 3 3 3«>«>.33 ^ 3 303300000 300^30 33 3.3 
OOOOC^OOOOOOOOOOOOOOOO OOOO OOOO OOOO OOOO OOOO OOOO 
303300*3 33 3 00030000 3 3000 300 33303 30 3333 330*3 3300 


o 


o 

o 

♦ 


o 

o 


:»» 3 0^ 3 0* 3339^a9>3(^303a 30-3 0 30 303030 303 

*..^fwi>if^f*^03tr4r4>'4»f^a>-a>«o ooo^*«:‘Mr^^«tf<^o Oiivv'^ o»**f^«M©oooo— 


o 

3 30 3 300*3 30 3 30000000 3000 3 3 3 3 30 O 3 03 3 3 3 3 OO O 3 ^300 

«« jJ.Ai.A4 «J.AiaJlAlk4i«Ai «AAitAj*AiUiUJsAJxl Ai ii Ai.Ai-AisAj aJ tA« .Al^lUi -Ai • >AlW4i *i 4i*A« a1 

• OOC OOCOOOO OOOOOOOOOO OO coooooc oooo oooo oooooooo 
OOOOOOOOOoOOOOO 300 0 000 0 0 3 0 3*30000 0 30 3 3 000-3 3 3 30 
COCC OOOOCOOOOOOOOOO OOOOOOOOO O OOOOOOOO cooocooo 
a oooo 30 oooo oooooooo 33300330330 30 30 3 33 3 *3000 30 30 
OO OOOO OOOO OOOOOOOOOC OOOOO* > 3 00 oooooooo oooooooo 
ui i/\«r4n*nw>iny>.n«/>in^urt/>t/vtJW't/w\k'>inx)i/> j>vAj>«n4A^t#>4nirk«r(/«t/wvi>j^i/^4A4/«i/ii/w> 


n 


o 






OOO OOOO OC.CC OOOCOOOOt'-C s- O OO OO C O cr C C C CO OOOOOOOOO 

I&jUJ>A.U..U. UJOJU.4AJU..IA *A U:U>UJU.ajUiUjUJMJaiUjU,.A<tAJ<».kAja. «L.UJU.IUiUJUJlAiUJ OjMj«AJ4A>UiUMJIl> 

30 30003 30 3 <:> 3330033 3 30000 3 D 3 33 3300 300 3 30 30*3 330 
oc OCC OOOC OOC OOOOO C 0<r OC OOC C C C C oooooooo OOOOO C OO 
OO OOC 00*300 03 3 30000 3*30 3 3 33 D 3 30 30 3 3*33 33 *3 3 33 3303 
OOOOO C OOOO C OOC OOC COCC. OOOOO coo oooo OCOOOOOCOCCC 
ajOOOOOOOOOO 30 0 00-30 0 0 3 0 00*33.30 30 3000-3 3 3 3<3r>o 30000 
oitrur tT IT (ft iT 4/^ ITIT' ^ 4T ^ iT) k/N i/HT i/> ^ IT 4i^ i/HT t/' iT IT 1#^ tr If' ^ 
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a 
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.aJ o 

•-A ryfw ,-Mr* *\if- ■MP-.'Vir-* -\j^- r\if-»Mr^rur' -\jr^ '\r«- 

►“ 4g — ^fV/A.K*i^a J i/>4T'C*Of^r*«.a<iO‘{>oc — *.-r>jiv*^i^=? fr-F-'* «f ao-oo^-r-jM 



OOOOO-T ^ 3-3 30 0-300 3000 300 0-300 3 3 03 3300 30 330r*0«3 33 >0 

-JXAiUi<AJ<AiiUuiai.AJ Aioiui. Jiii*iJ'UUiuJ aJiaIaj jJ'AlUi vl Ai.Al(hiiA4toivAltAKiJUJ>Al kJUl ki oi ult aJ*a>UJ ki.U'.AJ 
U_OC C OC C OC CCOOOOOOCCCC CC OOC OOOC CCCc 3-*:CCCCOOCCCC 
YO 300G 3000 30000000.C O 300 3 J3 3*0 30 OOO 3»3 3 3 30000 >3 30 

^COCCC CC'CCCCCOOOOOCC cccooc oocc cocc oooo ccooooco 
*-0 3 oooo 303 3 t. 00 3 30003000 '3 30* 3 00 C -30 00*33 33 *3 00 3 3 300 

^ccrcocc OC occcooooc ccc ococcooccccocccc ccoooooc 

Y»r»kf'Lr4/>i/^4/'»/'x>ir*i/>ir*i/'4#'4/'if'./>m»/>\r.r»ir»i/\*/' 
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1 

lAjanMaaaaaHHMaaaati II II II II naan II II MHU 11 nwaaaaaa II a H It >iaa 


— *C-**C*-X — X — — *C*-**C- --..C— T — X-- Y*— *C — *C — C*“ -C — -£— X *C — 

II ^ 3 X» 4> OOflh ‘ r; ,/Sr O 0*^?^CC TC^^^•^ 3 — .*.*^ 

^ ^ — ^njojrxuvfw 

1 *-. 1 - 1 “ I- »-♦-»-»-*-►•-►- I- ►*»“ I- *-»-»> ► I- I- I- I- I- ♦“ I- ►- I- I- •-►'►* I- »-•-»- 4 - 1 - 


Fipfiue 5-10* Model 2C Output (Sheet 2 of ir») 
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30 0030033 

4 « 4 Maf 4 l *1 ~ 4 »Ai ^ OJ 
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00 00300 30 
OOOOOOOOO 
000 3 3 33 DO 
OO GOO 003 O 


idCPKODUCiBILITY QF THiJ 
QM,ij\AL PAGE IS PQ Qfll^ 


OOOOOOOOOOOOOOOOOOOOOO OOOOOOOGOOO OG oooooooooc 


^oiAoin 3iii o 
r ^ /itA 43 o ^ 
^ «vr\i Airw ^ 


,ktU.'UAaMaitaii*iUJUiWhi^Uy<uiiMUi«iJUiapuJaJiAiuJxi^kAJliJUiUJUiUJuJ «.» 44 U-'UJuiUiuiU#UJUJuJUJuiU. 
003 < >030 3.30 033 0 0 33 03 33 3 3 333303 33 j 3 j 3 33 03 DOO'DOO 
OOOOOOOO 300000030 OO 03 OOOOO 3 3 G > - « -30 O OOOO OOO 

' 0 «-»o -*-^ro-«o-^--»r~rw^r^r^r^ 4 \isot^>j~o .-• OO' 

*^<r-««.^ 4 > 43 iWA«A* 4 Kr 4 ) — -*'\J O 4 >rV*^i'U 3 »- 4 > ^ ip 

X« 3 Y 33 :r 3 

r^ r>-r^r^r- r«- • » - * r 


^ -n 

OOOOOO 30 0 

0033 3 00 30 
30 GOOCGOO 
0003 D 3 <D 30 
OOOOOOOOO 
OOOOOO 33 3 
AW'lAtAiTUAlThO kTi 


A'3 D 3'W4>'^ 9«HW-OC>Jl<ar^«CD3«> M4>0 7 :S'VI 4) ^3 O'M-O^.y r JCi M 003*0 W OO 
^«^«VAiHi #^3 3 3 kA«A 4 B<o-«t^r^a>< 04 DO‘OOoG.^--iru<% 4 r\on«n i 3 ;j oo o -- r-« 



xa.a.A.<k<vxa.aa.acva 'i.cLrLiL ^(xavi.a.xxaacLxi.'k^.^.acia.cin.^ii.'^axa.c 
«3 CJ 4 D< 30 CK 30 <D C 313001 .KJ 0 « 30 ^ M 30 .3 U »43 l 3 «.>e> 000 C>\ 300 <.>V 3 «. 3 ^ >C 3 uM-KDUrOtJ 


■ ■■■Hvuaii 


O' 00 30 

3 .TA 04 } 



i3O30 33333 

♦ «>♦»♦<•■♦♦♦ 
<Af'«iUfU> A* UUlUitti 

OOOOOOOOO 
003 3 30 3 30 
000 300000 
00 3 0 3 3 30 O 

00 0000 00 O 

|A«A 4 A> A «AiA«/>iA lA 


KW^pA HVA fA#AHWAH> AJP>ff^A#AF\l ^nj IVPA rA rP H>IA HVH>HVP^p^ . 'V AjrVi rvi ru rvr\i 

000003000C30000-D0300 D.3000300 X3 3'3 >0 3 3 5300000000 

vtioDU^^’Al 4 JUiUllU.iJ.AitAJ aKUUJ-U UUJ t*iUtjr<lKlJ ii>li<AJuJa»ai.Ai'AJ aJ xJ *J' 3 i xJ U.xJur l^U»*>JjL 4 >jJUi 
OOOOOOOOOOOOOOOOOOOOOOOOOOGOOOOOO 3 0 .---OOOOOOOOO 
33300 3030000000C 300 3 3 3 3 333 30 3 3-3 33 3 3 .1 3 '3 '3000000 
<C-O*-^«0 3OH.-r-^r^3iX><W^ 3 l « a* ^ D pAaAfA 

iXf-^-O O 4)'A4F‘AI^O'-A<»- A*A*A A9’ -•■O 4>4>a A A "A > 'Vi f> 3 *Aa A«ApA A 

4 > 3 *A 4 >« A 3 >AA AiA 3 -aa 3 iA 9 'Svrtl/i A^pA A A 4 > 3 *^ AAA 33 3 tA 3 3 IT AO* a ^OO 


U II 


n 


fAH>- «tfvO‘»Ar> •-•iruypAr- *XA 9 ^pAt«-<v« 4 rO'*Ar' -AAO-Hir-. ^i/>o»Ar'^--^AC> •'Ar^ 

-^•^-'iAira'ApAfA^ Di/VAA A Ar^ A OO O > > O O '\^|A« A 3 3 AAA A 


aaAAaaaaQ.aaQ .0 aaaa aaaa aa a a ao.aaaaaa cva aaaa aaaaaa 


pAC rA iC*A « 

AA^H»3 3 AAA A 
AlfWVAi AiiWViAi At 



<3 OOCMJ OCH-M_> 000 «A 3 OO O C 30 O OO O O 4.>0 «3 U «J C 313 13 V 3 U tJ O L 1 13 O 04300 OO 


PArAfAi^-ArA/A-AfA>fAn#'\irv|rvr\rVr\|'\|-VJAJ-A AfA ■A»A<^^»A*A/A M Nirvi-^I'W AiAI'V'^r^TA'ApArAfA 

OOOOOOOOC OG COOOOOOGC-OOOOOOOGOG O<3OOGO0OO0OGOOC 


HVP^^ArA-AHI^A^MA Ai 

oocoooooc:c G 

UtlAiLx U» 1 . 4 . t« Ma_ Lx- 4 X-. 4 X 1 

0303033300 O 

OCCGGCCOCC G 

3033003333 O 

ooooooooco o 

0000003 330 AO- 

AIAAAAAAAAA u-A 


C 

« 


l^taj|iJUJU<lLiiUiLlUJ«k.; 4 .>ik<UJI&iUJiiJUJ U-ia»Ui lx^LU oju. 4 U«UJU<U^U 4 V’ Ll-IaJ Uli-^U^Li-iU'UIUJUjWLklUJvUUi 
AOOOOO 300 30000 0 3 30 30 33 0 330 3 0€300 3 30 3 3 3000300000 
14-OGC OOC'C GG OOC3GOOOOO GGCCOOGOGCOOGt^GGO OC G COOOOOG 

3 0 -^-aA-. 3 -*-'^A — AA|PV»A*^AAiMr- “VO -^*A— . 3 -*--rA O M-X *A ~o >M Al r>AIHKA -A A A 

CO-«^PA<^0--.-«<'4*A-^A a A<^AJ<r a AAj AO- ^^rA— .(>• — A AA<V9 A AAJ A»AiA A3 a 

^ 3 PA'A.^«'A Y*A*A*«*A : 9 : 99 >A 4 t 3 D^D D 3 *A 3 -A»A-*rA :»* 3 Aa AA 

r^r'-r^r^r^r^f^r- r- r- r- r- 


^HNHaaMMNaHMBIIKIiaaHUIIUIfliaNIIIIWMaMIIMNIIUNUItlfBllltaM 

t 

"VJ A 3 3 •A'M AO»»'MAO;J C^OO 3 -COI O > 3 O^VJ C'-f< MO'- >C VjAO y A 3 3 X 
---^.^WHMPAfApA^ :» AAA A Ar>^^• r^X X (> 3 A C x-,-- ^ —fV. rvjH* pApA 1 3 A AA A A•>-^-^• 


ni«AH1 ij ^ A A A Af^ 



tt 

-4 A 
CO* 

✓ o 

D»“ 

flC 




ca CLQ. aa aaa aaaaaaaaa aaa i aaatiaaT a aa laaafiaaaaaaiaa 

«< 4 « 44 ^ 44 < 44 << 44444 r 4 < 444 -« 44 f 4 - 444444 ' 444 «} 4444 - 44-«^4 

AOOOOUU-XJGKJOCKDOIXDOOIJOLJI JtJI-HJCHDOl >Uv_KJOOOG»J. Jt J . Jv iV-K_>0004- 


O 

iP 


lAfA#^ A#A»AA*AfAA U. 3 

300000000 3 CD 3 

♦ ♦ 

-***»*. xiM 1 1 4i .kAaJ^i&JuJ A) xl 
OOOGOC OCOG U- O 

0000300300 rr 3 

OCCOOOOOCC Z>G 
30300 3000 3 P- 
OOCCCGCOGG 4|A 
AA AA AA A A A A rt <M 


a 

X 

unilMItaMBNIt .kiM 


AH'H*K»AH>AfVJfV)fV#VAJ<\il\ia.i\ iMKi AK'H'H H“ pPlH'HNH'rvifVi/V rvj P\. fv> OHV.K'**' KtH' K 
*“•0 3 3000 30 3 00003000 3003 >300-30-: 3 3 3 3~> > 3 >000033 300 
GPlIftllltStllllltlltlllllttttlllllllllfttllllltt 
4 ^UJlAJ-vioJ AKiiUJi 4 ia>JjVAlUJ>AiiAAi AlufiAitAJ-kiLAi Ai .*.tiiiUJ'AJ aJ aJUJlaJLuiU ^ aHaMaJ U aJ^U. 
aCC‘COOOOGGOOOC.OCCCOC'C:OCGGGGGCOOG-''-C t., G> C'CC GO 3000 
4 300 DO 30 3 30 30003 3C33 I, 3 DO 3 3 3 > 30 33333 333 >03 3 300 

t- — A«cAo— AAc<oja ^Do— uxxc“-itrf«.c#\iD^r-A.a.-^j aoa o* 

-«AAA 9 ‘'«AA - 0 <r AHV^O* A 4 > 4 >H 1 PP| J* A A OO- — • A A AO Or^'OO A A» 3-^-30 O p^hv AA 
_K^XA CaHiAXAJ-^AAOO XAI-'^lT :?p^AAX-JHVXX AD^AJ'J ^ :! If A A A X 

« f-w rv. p- r-r>-r- r~ r- *. _ . ^ ^ 

r ■•■••••••I******************************-****. 

Jt 

u. 

iHlIBiailllMMliNNIIMWBniinMillilliiaMIIMIIHIIHMIllinniiMiiMWHNMM 


X— X — X -—X^X — _0 _*"AOP^t*"*“ACAI“-—AO»^l*'-*-AOHir^—AOHVP‘‘- 

D X AA A Ar^ 4 0 4 X DO AA A A AP'-r- X A AO O ^ 

iNi^a><\,rsif\iAjivaif\. ►-o *- 


’•* A a Ar- — 1 / O p^f" -AOP^-r- 

..^•\jaj‘V4P^'3 t I J AAA a O^p^ 




aaaaaaaaxaaaaaaaaaaaaaaaaciaa aaaaaaa onaaaaaaa 

X X4<444444^4444444444<44444444444<4444-.*44444444 

•— i-*OCXJOOOOCJO 4 JI 04 JGKD< 0 OOO 0 OO 0 OOlJ« 0 OtJenD< 0 i}O(J>OO< >IOOOI_»OOC 3 iJ 
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Fif^ure . 1 - 10 . Model 2 C Output (Sheet 1 of KH 



"1 




"V* ^ no oi 'XAfO rv 

ooooooooooooooooooooooo 


> ^o o*^ zy-^o — « —*0^0 — • 

> 0000:^00000 oo oooooo oo r oc 

Ll A> U U xi X»<SilU^ mA Aii*MX» 4 

'3 000 0000000000000000000C 

> "> 3 OOOOOOOO OOOOOOOOOO oo z 

3r~ ^ X) ® ^ tf 

M.OJ 

pry o^iMir«<>t o<^ XI 


• ■■MaiiaiiiiaiifiaiiiiMiiMKaHiiHaawMiiMiiMMMai 


<V 9 inr> 0 0 01*^4/) X>>0 0‘-^HU X)f^9^ OCM^ k/^«} OfW^i/^XXCa-'^rA^ o 
-« -• ^ -•'Mn^^ru-O '>Jr^Af ^ ^ :> vf :T ju/1 OlD or» 




ra-O^ 'Vlj^tX>^ 3 iJO» Mk/1 tJ ->*A X/0^ a^«l O’-* o^^un 

^^^rv«'\KVr-\rOf-*K*;>^-atAxn«r -r <c xctccco-O'a-a oo 


ir^^oo:f4)'>«aot'D'^oo:Ta'\tao:fory 

a«oo o oo»-— ^ ^ u><r a a af- 

— . « ^ ^ w *(4 %t MAjnj M 'MTM >« 
^a.’i.a. vaaxaa^a-k'iik'i.ci^a.x/i.-v'v 

O\01MJiJ<^><0OVJOOtJlJCK0*_>*J*0OOlJLJ 


oc.oo£Li«_or lo .iociCioeQr.QorsCie,i<j.:5Cior:iOQOC.ncj 

coc c r’C-cccrocc^rrt joooccccc or3or^nr.c:jccocc.c 

iJOO^JCXOCJ^O^OvXJi MJ»_>UK.>VO_HOO 


OOOO OOOO '> o > o o oooooo oooo 

U4iauj^4l 4lUi<4i«iJ<aJLiai.4t<iArXf^UJt4J>aaJ*4l'4l'4iUj 

ooooooooo o oooooo oo - oooo 
OOOO O O O 3 000000 ooooooo oo 

•-***\f-*oofnK*»-*K>r^aa»‘ai''wnoo*''H\*-<y‘^'r- 

aa/^^ j-»» a ar-o o a 

wa--»a «><©<>■ a a :» 

aa'^f^c^*-«^a a or«‘r^r^— 


— Z •-• — 0-*0 0»-*Ow-«0— »••••— 

<000 00 oooooo OOOOO oooo oooo oooo 3000 3 t 

♦ ♦♦ ♦ *♦♦ ♦♦♦♦♦♦♦♦♦♦♦-♦♦♦♦♦♦♦♦♦♦♦•I 

UJUii4jt4it4lUJ iJ at4i<i4>4i aJuII4jL4lwkl^aaULK4i tJUlLlJ 4j-4>l4fa^Ul’4i *i<4j « 
ooooo o oorzooc oooo oo ooooooooo oooo ooc 
oooooo OOO 3 300000 OOOOOOOOOOOOOO'O 0<3 z 
a#aa«^ a«-*»’>.-<*onjirA«r^4rwa*^a»^K*air>aoa«#^aaka<v«^njxr^4 
*^4>>^af^«>ao <^034 a^ aa'*^u>'^t*«r*vaaa a«'*Ai*^^^a 

a'>xa<^ia^'Mji<’aa'M a<vn#a'^ o^ a a -• a*~«a 


aaO(3 ^ c»o — i— •— o i/x/^i/» a ar* 

aaaaaaaaaaaaaa (aa a a aa a a a 

0VX30 oo (O O i-i OOO «->OiJ O O L. O 43 «0 t-M-J 


Aj^^atca — a^'a‘omoirr-«oruKix'-a»a-^aa^c oa*?ii#M 

^ ^ ^rvi^Ai O r-*^ r^^iAOl/* 0lT»0 aai/*a 


ar^^ a *~>rvo i< o(V«Atf>a<ca — ar^a«-4M^tr^ooati^^ 

a a <9c* ^ jva»/w» 


'->rAr^r-*r^ M 

<_ OOOOOC O O OCOOOOO OOOOOO O 

u.MUu^aJ oiu. uj«4iu^«4^i*jaJUiauau;ujuj‘*4iu.i4|uM4i 
O oooooo 300 0000 000 0 00 0 0 3 

C 0 0000 00 00 000000 0 oo ooc o 

r0r-*.-^0 0 OCa'^-'KWX. 

a*^maaa ai^»^K*aa 
—-’•a -a -a s» a o-^a^ » ^ ^ 

r- r- or' r- — r^ aKr-»'-r'-a»^r- ■«— 


<\i'_n® r'-o<-*a(>'M jvc-’’*^ r-’ orna o 3J4 />«d-’*^ '^o*-*a<y aijva 

^^^fV,rvHrvfv>#->KiKi^ c» -3 iT^iTrf^aaar^r^rMaaidcaaoa oc 

cuDcorrc^oc ceoon oooooococ<oogoc;qoc:*oocoo< 
ZZ^^^ZJ^^^iZ^^ZZZZZZ^ z z z zzz^z z z z z z z z 
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C99999499399 9 999999999 99 4999 9-1^’ 94-4 9995 
3000300 333 30 400'3'30030"' J 5 J0 3''-*3 >3.':3 3 3 >C 


499 4 J..tJ4J 


/ 9 9 4 9 9 
> -> 300 3 


aIUJUJ ©VJ4U Ou41XaJ«aJUJiuu 43J U U«UaJi^<4lUJUJU.t 9i^X.U lUuJtU'XAJuJUi UolUJ aJ UvA#iUiUM*.Ai UoJ U aJ 4 IUJ A ^ - UUJUXaJ'MaaJ 
A- O © —X© C 9 K O— »^AM\l— 9 9 ©a M — 4- ©ATX 3C r>'r-©<-4' ©©9J — 9*^xr- © © - 9 X*<4 ©rr'A- <“ © X-© — <M©X 
— — Mt©>— 0 9MMX ©XOX©*^ 9«© ^©MOiO-A9©*^ 9X9 4 ©>IX— ©•'-3-3XA©/' >-iA— 3 — — — ^©©©O— 

M ©f** 9 0 4» ^M©A*>X^^- — « O C ©4^X4- ©4^ — Ar<\.f-, MM — t ©AAy* f\jX<^ X4-© 4- © »Ar>r- X© X 4 — © XX4«X^ 

> -^«-*^OU4 x>x^^— r<. r\i9W>© r*.©r- ox 3/\J— r- — r-(M»0'^© 3 — xmx*^ © — o m© mo © — 3M © r> /^© X— X9 ©xo 

c MM — — 4 ^I^J 4 -M 4 ^X^•P•^^. ©A^x©*^©— ©— © — <M©M©©© «©ao© —X —9 —X —X 3 — r - • c. #VOMO 9X 


©— ©.^© — B — ©^©— © — © — ©— ©— ©^ J.— ©— © — ©«-©^ ©— © c — © *- © — ©— © — ©— © — ©^© 

©XX ©©Aw 9Xin©©Awrw©>«(^9 3 'i — — *MM^^r**9 4 XX© ©r^rw«>eC)©© O 3— MM*M^ 9 9 XX 

MMMMMM U. • — — — ^MMMMMMAXlAlMM©. 

«->-A- 4-4-4- —4- A-4-A- A- A-A-A- ► A- A- A- A- A~ A- A- A- A-A-4-4-A-A-4>A-A-A-A-A-4-’-4-A-A- A-~A- A- 4- A- A- A- A- A- A- » A A A A- A- A- A- 
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u 


REPRor^iTriMTr ^ 
UiUiii-.Ai; I'A .ii 1 ' 


>03tr»03-^:>3»>'>-3C» -' ^>0 :>>0-3 -jri > 53 53 53">3 533 ^3 53033 5 '5 00303 3 3 50 

iAU iJhMvAi AJ aA>M aI aI aI^ aIvAJ^^ aJ (i aI aJ aI Ai aJ^aI aJ aI aI^I a1 aA aJ aJ aI aIaJ^aI thtl lI it U U xJuJ-xIiAlsAi aJ aJ aIaU^ 

OO^ Jr*j>a 3 9 0««l-^<9 o d :C «W) «> 9 d 9 9 r- d-Vd >1 -C 

'AX»4> 0-»3*^ — O >« 5 4> 9 5 9 «r- d 9 9d 

r^fMrw«<9 9 o do»^<9ird or- < 9 :9 9Xt 9<9 d-o 1 '-it^r\j« 

OOMOOd 30^^ 9 OJ%t/> OJ^-^ e A9‘ 5 3-^3 93 t> O M*^ ® 9 

<^or««o 3 — 9rwdidr^-*9orwo-^3 9) *-• ar '>jo'M““--y(9»^o*oo o 9'V9 d 9«/>ir 

«^i m, »,» — A-^ ^ ■> - *-<• ^ ^ *A^3 ^3 ^«Ft r<A.^ l >A I. A ^ ^ ^ I . A. A 


rf>o^ot/> 3^o9>c*in-»if‘o,r»o9^ -*ir 
-•-» 9 9 /►*/» a u-^r od3(9 


9^ 5</>w«vf'OJ5 >y>i.>> 

-.V » \J 9 9-r /3 o c ' 


> -tr ~ fcnt-x' 3^ ^ir oj/ioi/'oiAoj^o 
®«<933 > Mr^i*«V3 9^/»4»4>^ 

^ >1 rxiru^ 


949.t99999999J9999 1999 f 9999 9999 99999999 999 9999393999999*^ 
OOC5C/OOOOC- OvJOC^ s_ 000< JOC, ‘ 30C. r 5045000 3C :jOO.5i50 30000000000 

999994»99999>#99*>99-999«>99999*»^«-999^9999^999»-999^»999#*^9 

U>Ui UJIAJ hAK aAitAiU-i vAi*A> AXAI *Ai4AlUAUA^<AA A^AJUJ UilAjlAi UikAi UAUJ lAJ»jJ^>AiWk> ^k*IWA«AiteJ *A>«A; UJ .AA4AA4i AJ l4»tdUHilU<^WIUA«Ai^ 

9%cO«pf^O 0X3 0 301 O 3r^ 3(9 r*. d 3 OtT> '^IU‘tX>^ d 9 d‘-*'V-^X>0 3<>» X> ‘W'^VO 

« 9>l99^<\l9^'»«<d'\P9»^r'«dO 9 C^P^^Ct daC9 dOr-^ C 9 'W- <9 dX) <-• d fXld 3 <9 9 omddd«^9 3«/^<9dO 
'O'^ 9 *^9) 3d <9 d OJ5 ' 4) Aod 9 '•Vd XJ 5 5J5-^-<V^9>-*3.A>JLdd'n4>C9 t9 M 3 d >490^ rw-«J»'*> 9 

C«9\l<9id^dr^ r\^r^3t. d.3f» K\C9 ^ 9 9C9 fX-^^wTcd 9«%ro»>- 9 0*^4>^d £«>»» — i«.ir OO o 

'^0^0'^-*9 -*d-^95 ^95<-« 9 -3 5-^0-%0 9 -•9V^y' 'M 9—1 O'M 5MO-^0*-»— d /VM^ MI#'^«9V‘^d d95</'9» J* 


3>3(999-9r 9> 90 90 90 tO 9030 90 90 90 90 1 9909090 90 9 >90 9 0 90 9 0 » O 9 O X> 
— 93»f»9*d-Cr'r-«,<x,00 o^— — 9 3 kOtdd dr^~f*'« X Od t- — — fW#W*^f^9 ikd^^d CO 


394333J9933J 95JJ5JJ1 J3 1J9 3 9J93 >999999399993'^>r^939933333 

3303553330 535 j 3^-3> » Jj3 5533i > “v ^ >303^353 55 30 3 3 3 

U/^^Ui-Ai <A5 aJ A> Ai Ai AI Ai Ai^^ Ai*4lUi\Ail Ai Ai aJ aJ>aJ Ai Ai'Aj>Ai *-i A^ Ai Ai aJ aI AiUiAJ Ai ' Ai Ai aI AiUi aI Ai lAJAAiA«dai«9wOM^ A>aJ 

d XMru^Oi/'iC^M— • dO •- — ITO^ dOdOdATKi 9X Md - — t — c. <1 — I/***- O.P-— AOi^i/ViO^O-O- X o 

3 dddJ5i^d3dt- 3 d-^3r-xi3 dO — r- — o f^O 9> 9 0 d'^'^-n do MMO 9 3r^r^ddd \ir^ — ovdXi 33 ->*0 3 

ddiroiTd-c — dor^r*x »^<x i r- ^o — x xxxc-'Vto o i — — o- 3 OtTfW'X^ 

d*"-^^dO^ 9 ^ 4 /'— 4>9» 9 d'0*-»<^d 5*~- 9 9 > d Mi/» — fMOt — “W 5 — ^ ^ X> d 9 -*4^ ^Xi'MO d9#^ dt/'O 

3t^ 9i«^3nkiAr*^d d dO> d^d— 3<\J9''W9r\i 9M dk/^ d iT d (M d — p^MKf 9 «\a 9 ^ d d^O> IXO J>d 


— — 9 31/191 O dr~r^ X O 9 > :. » 


I C KIX -^XX K»« O 

4 — 9 3l/> 1/1 dd-^r*X’X>00 3 3 — ‘M'M’^'^9 9 i/IaAX dO 
^ — niniiViXAirxiv>'v^<\iOirw\i/i«o 






9339393933399999999999 l« #99993993399 >>99f 19939993119399 

c oc o oc. ooo c: «5r3 iL A^oc o *><.•", c . ot-ocooooc «.'o oooooc* c:«5o«300oc 

t^iiA 4.. .4 t..-4i»..A 4..^ 4. ^(^AA^4AALA«tA LA.rLA^lA;iAJAA.4AJU^U^X sA*UjtAiA«4AiWAAJ*A. «A. 4A-' LkJ4AJAA4A. kA> AAJ UHA4 U.> <AilAJ UJ AAJAAJ 

d d— X> 3X>> 90 310 d M'X**^®**!— 9 J-a*-C^O^O — MO ^ k/1 — -* M M /V\»9l 0*^0 0 0/ld-^*^W 

d»^do or* ciT*'^ d#X^r-« a — « -.X ooxf^Xf*»p«iX<v OA^r*3Xfcre X9 irr-r-ATOx — 3»>io x r-iK'xr'ir* rv 
OiAMr* oo d90M-«^»*0 3«r»-nd O— O 9 ddO-«l diTAd 9'<l^,/ld— 3<50>-d*^d3 ■d-'^O 9dO»'^'M 
O^Cr«r*Otf't'l*«tdC.XX O — — OO 3 ' - 3 —>••00 r* 4'0’ 3 ■ '. OH10»0 0*004r — ♦*<! — «. diOK 3 0 dA«X X 3« O d 
d3d3r*3r*-3r*>*r*d>*3 d^d^d*^ d^ d*o d d d dr* mo* ryi/i 'M4/i^W>rOA/i»o d dM3<>io«>«o*o 34/101 9 ./ 1 M 1 


Oji^ Mr- Mr* M** Mr*oo* Mr*Mr* Mr* ur* Mr*M>~ U'- M»* 00 * 0 * 0 . m»* Mr*<M*-Mr*^Mf* M>*Mr* M*- M>*Mr* m 
* o«^iM/\ifOp#^3 3 ^/^^/^ ddr*r-«flDoer * ' — -*f\irv -^p^“ 9 9irvrddr*r x«oo o^. — — MrvMi^O't itrtdd dr* 

M MMMMMMMMM''iMMMAi 


C33393339939 3 J93333339 i 199 1 7 »9? 1939 - 3-^999 3 33393333939 J59 
3 J 30 - »'->>3'9'^5jJ' -,33 . •>'>'» >4vl>*>j . 0.>30*J5Q35.'»'>3r»3'>.* 

0«>099«949*99r*>*49*9**A « >«« i ♦« ##*«♦♦ •«444444*«'94*»*4<»*4 

OvOA^,4j44jAAi9JUJiAiAi4Ai JJ'aJ aJ aJ Ai AiUi*Aj I A/ aJ AJ A.< aJ aJ AiiAJAi-U U^AiAi^AJAi AA aJ>aJ^a9 aJaaIUI* aJ 'A>A i AIiAJUJ aJVaJ A) 4aJ AAtiAi 4Ai aJ 

C9*xoddxn.o 9 aT dxx'd#^— Mf* *^9 9x rix«-«9orv5ox «#\.r*«r* — « 3 9 d»* ixp^i^iOiTiT 3 

OMa/V^^MI^ d 3 M3 MO d^fO XO'O * */io-l d-O-* X, MM<0»*-0 9X> iEitAd./'3X>**-^X<d dMM«/l 9 dO — 3M 9 
3«ooti^Kc-« — r* 093d>— <#-r*-^r>w 9dd*-x - 3 03xr*— — c u r* - —xx »oi^ — dro« »TM^A/ir- <- 9 
•9 r* 3 3 .r 3913 dMr*“^r*9' t 91 * 0 — ro — *o C y C 09 C |p*i/i9r*9 X>9'—9> 9 ►* -0310 d O dO ^ JMTWi 3** 
3X 3xr* X r* X c X Mt*M*r*M*r- A-'i* ?r-xr*c»* ir MX m cr*. cmixm" x 3rMddir u*ui 


idMMxdiiiiuiiaMiiHXiiuuawMMMaxBaiiiiMMHaaaMdMiii 


-X— ■•F*d-*>x-^ X — d-'d— X — d — X— d— d— X — X — X — X — x> — d-d— X — x-^-xr — d — d — x^d— d^d — x — 
d dr* -A^o#or*»'a 9 34 /Vd d d4*r* o doo 3 — 'oM'MO t 91/101 d d^r* xix oof>o-*-dMM»^*o 9 iiii*/i d dr* 

a- ^ — — — — 

*-t-K .•> » r-o-r-r-i-r r-r-*-*-r-A->-r-r-r-*-**r-> r » • •-• » a r-r-r or-r-> 
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99^ ^ J99^:»:39-9-»9-9 $ 1 « / 13 9 9 9 

33^003'3 3 -"a 30 OO 300 30 vj ^•>0_» ^>>J«»J^_»--i J'-» JO >'_»J J J'J J->J '533 

•M AlL4l rl iJlAi Ihit ll li llllf if * I t‘ *1 A^A^aJ Ai'AitAAAJ UtiUdJ At.iJ4AAaJ 4JijAjU*JljAJAJUtjAJAl4i>AiU 

-O*^ X^ 3 «-*f^ o-t^3D ^r*-r»-r»- Oi)7 3'^>IOt} 

^ XIO 43 9 ^(3 O 9 n O ^ 

39 0«-^^99 r^ryrn« XT J '>t 3-l--t'\j9 -««3 9^ :j « 4) 3 *-1 3 9 4) OO 

3 9 30 #»*%-«0 0/>«./**— ® r» 3^0-^ 3 no ^9 9 > 3 9 C ^9 3 vO-^<J>© 

9 9 3-^3 O 9 9>^ -O*^ 91 


moinoi/tononoiOoiA oinoi#«oinot/%<3n on ononoii' jut ^nonononon ~>y> *j ■> m >n ^no 
3 3n«n90”*^»^0099 30-*-rM^-n»^9 3iAn 45 0*^»^4) 099 '3 >-h.,^>J 3 J /)i/* O 43»^ 

'*AjA3>t'\*04rv^<V 0KV/>I'^4M 


»33334* 939939333993333 33 3 99 99933339339333933 3333 33 

^OOOOO OOOOOOCOOOOOOOOO 0O00OOC--3OO^ 000000;-.OCJ»J OO--^*-- V 


99il f liAiU9Ai9*UiiA4»il*ft al 9Wlil>i> 9 m9i9i ■JUi>A4UJU/»*<t f i>4^»iJA**AiUiUJ AA>A>9J«A>UJUjkAJ^lA>««iVAi' AJ AJUJ-Ai AiUlUJ 

i^93^00*^»P^04WWV9*««^n*«-^^9 -^^3 3 J JOO«^ TOO£3-^ \if^4l 3> 3 J 

4>r^04>O00#0^«9^O35 C»^f‘%rn^*»»An«>»'^r- 3 3 4\l 3 — ^JOi 
**0<3nr ^ 3) 9 9 90 >!.>«>>*-«> 9 4>»^4»^0~>Knn >33- 

9»9MM0yWA«r<4>»-O0l9<9««O«^««t9^(\MS9OO99V«OA4 3>'-^9^0O0-««« 4 r< 9 <£ o o -^ruiVO 

3»*9 >-»9^n^994V^9»>»«^ . i ^ .^9 — 3 >9^^ 3 9 3 >4«>^ O 9 


•AJMJ<^iA> 

n 3-^ Ci 
^ O 

4> f>9‘ O 
r^Kt^ca 
4> 9*-0 


9<^9>9»90 3 <9 9(9 9(99(99(99^ 99-3C99(99(93>90 3(9 J > 3>3933>3>3^39- 303J T>« 
tfM^»^^9 9n9» 9 09-»>^^00OO^»^fW9P^»<9 99Hf>4> 9- O 9 9 9 OO^— 3 3 >m 0X9 

^ ^ ^ ^ ^ ^ ^ w ^ ^ iMT«4 ^ \i *y >Mr 


99933399999999993993339399999933 3333 3 33 3 3 333 3 33 33 37 7 33. 
000 90 3 O 9 9 00 >0 30 0 30 v3 O 00*0 3 OOO J ‘ •>3'^ 

'•99«9««<«>-39»9«999999««9«^*»« 4a#44« 

lA.|^f^iy>,^|^ Ilf if nftif inrit . i«Ai A3-Ai.ik3 A3 aI Al.A3lAfU3AUVA>A3tAi aI Ai «J*A3iAiAAiAJ >-a4 a4 aJ tJ*ta aJ aJ aJ 3 aJ .a4.3«A4 

HHnr- a <\lP^9(W4\4 09)9>r^«-*^9*fW''£t/>r (\<4>003<3 -aT 45 3 9 X — 3*/'9<. ^cja^O. — 3 — 3 O 

^^ 9 " 9 9 «9nf^*^A^^«3H4>nr^9 >i09 0-^(3 « O 0-^0 on 33«*"-i^ - 0 3 -a34)'-*>'-\4_> 

ccr\if«M^ir ifi— oXi«9«f^ain*^^9»- «. iccr •*4>n«»^ 4X. —o-x ^ 3 x« 3H^r«.»r« ■jtr'tA^a rvi^wv**) o 

3 9>«>IO -4noOO’^«>’>4'>9*- '-n 3 9®^^9 9(9 -O J W"»J-*9'^4)*-*“- C ti 7 Air- I >0X9 

tf^9i3> 3n^ 9 9r«-9r^ 9 9*^ 9«495*0|/'^4/'»^»9'»^ 9 991T X)^ ^ -on^nA^Arrrr r^ K»r: 7 - • 3 • •» X 4) 4)^ 


L K)C««^CA^«*n«C«4«i 
9 9iA«n9 


Mn4C4*h®*^« H>ar M^tc ^«.K»X r<«« X -^o. 9 

•*^^9 09 9 >0^>-A(Vr>t.^*| 3 3 nn O 0»^f^ jD' 09 9 3 M-^-^ 7 inn 49 9 9 

^»^^«->^*->^«V4NtCVni<>4^^A.^4\4r>4rM'X »J9 

4- 4- 4- A- A- A-4-X- A-A~A-*-A-A-A-A-A-A- A-»- A-A- A-A-A-A-A-A- >-•- A- A A A“A- ►- 


99933999993933333333 333 33333 333 13 *33 3 33333333333 3 33 J 333 

ot ooooc c o r: ooooc_ o oc Or:; <_ c: " A^ o 00 o f oooc:t*t>t oc_e< «.' c c. o' o«.- o o c_ o 

♦ ♦♦♦33333*33333»33»33»*3*3»«333***A444A^3A333^33**« ♦♦♦♦ 

^^4j|A.4A«UJWtA.lkJU<UA>UJ<iUl4UU<(A>IXUJlAilAH>t4JlA;UJ4At^(4 UiXiUJUJtalUJiiXAAtlA >A. .A tX U. UJ >A. lAi Ui LA* Ul ‘ «A> AX kA> ^ aJ UiU. A>kAiUJtA 

*^9nn^4)‘Ni*^ o 0-^4>n>»o 9 >0^ J 0--*9‘'^ 3 9r-^»0--*3 n o >-^ :>9 3 -'* > -^X) 3 "U 3 O > 

■r<9«»r-^ 3 3(v 3»>,A^»r9A*‘n9' *93<r 7fvi'c:rcr^X3i t » n o rvi t- r^ 9 

•«9'>I9 9n '' 3 >4 3*-'^ «nC3 O 3 -XT' *U 7f-^3 3 9 O-'Win J» > X*%4 '^i*- 93'^33 ’*^l 4\4— v3 >3 '^9 O >M 

90 9 9»^A^0 0#VI9 3^93^999 39 3 ■— 45(Wf^ 9 7‘- JC 45 —A- 9 n OX<\>X 3 C c^r- j 

^tnr> 9r-n3-*n«r>-«3-9 ICD'^IO 39 3A-33- 3»^r-7- 4>r- 3X><>44> 703 4) 34)3»^r^ 7 — 3 — 3 "V#^ O 0»- n 


‘>9^.V»«‘»VKMA**^«»» M3-%<V3-'Mr- >>9^<>4A' ^N4**-f>4^f>4r- ^*^• >9^ >4 ^^J r- ^i “%» 
*^«"r\3VA*f3*9 9in9^9 93^ 3- «a09 9 -O ^ 9 9 XiT ii -t Ot 9 9 <" — iV'XK'K' 3 3t/' «T 9 9^ 


C993333 3 3 733 3 3 39333333-7 I 7377 7 73 ' 
•OOO'^OOOvl *J O 00<70 oo -^'>0070~3 > ^jrjr 


717393 7377 

7 7 >',:>-> o j > 


Oul AJU^UILaXi/oHaKa* XlUJ'AiUltAi^AiU/UltAAtAiul-AlUiUAAi AlAi xl •Aj>Alt4i>^u3'AJ< Ai A>UJ - a* -«J OA -X -*J 4i-AJ*3 . 1 ii-Ai Al Ai a3a4 aJ OUJ >AJ 

03^X C 9 •- »r 9 tT9 3 a^ 9.«. -‘*Ai3' K X ^ — 90 O A^ o-Ai*^ 4 9 4*^0 3» fVnC 9 ^13- XX XA. — 3(T* 

09>43^9 9 9— n'Mino'VO 309 9 M 39 9*A 09 — OAlAi X‘A.*v>o— 9 C— »»9*AKi*^ '3A49A' ^O >4 — 39 
gro-»— r^if AAo« 9 3^trc^^9*o — >«kv\<ii 3-AA-mLra 9 >aa«^c<\ a* 7 ^ 1 «a 4 ic x aja>x i 94 va »a< r- (v« 3 
«3*^0»A0<V — -«»«4)^9‘^('^ 3 — 0»-^ — — 9'^9*AV3aA 3 Ou'> 3 3 3 3A- 3X»r- 9 7 0 0 *^ — 3n<C 9 O 

999 39lT'9ir93-^93^9»r9''»'C3C 7X 3« 94C3o«r^XtrX -"r-AAT^K'r- 3r 3 r-3>- 3?^ 3*A^*^ir *A3^3- X 9^- 


«^9*-9-'X — X — X*^9 — 9*-9--9-'X — 9^9^9---X— 9^X— X — X^X*- * — X — X--X— X-X — X-X— M «-9 
^-VVMIAa^ 9 3inn 9 9A»^«90 9 3 mn 9 X C9 ' ’ 3 7^-^AJ>3iAK>> 3 inn 4> 4kA» 

^ ^ — ^*.A.A.Aw4VAAA4«VA4f\l<\n>A4A4A^ *x 

»-9- A- 3- A- A- A- A- A- A- A-A>- A- A- A- » XA-A-A-A A-A-A~A-A-A-A»- A- A- A^ A-A-A-AA- A-A A-A-*^»-A-A-A-A XA-A-A-A- A- A- A- A- *—3- A- 
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(jRKJLNAL 




’>■3300^'^ -> ZS ■>0':> OOO 3 :> 3 0 ■"> SOO OO OO J OOO OOOOO “SOO 30000 OOO 30 0 

Ai Al 4fv^WUjAiifti UAlAi^AiikJ’AiAj «i>4J AS^-^ At a1 JJ lAjUJ^Ul^AiUJ ^ 4i U aJ aJ Ai >*.l 1 ^ Aj>4i(AJ U 4i U 

o ;» I oc(»' 3 o-*i 3 4)^v^ >md -•o/i -naa:»a- x* 

X t} X\J-*3 Z>J\J\:f X>*^V5> ^~>0 O-*^ i) > U 

oo<\j« 'XiC 'c «'-> ■>'\ ©•- c —r- x'‘'vx> i c t ir o "ua rwu-^ ^ 

<3 >j.O^ 4}r> O o-u-u-^^oo -n oo 3 mo o jo :> o o m o'>'^ 



3 3 -3 3 JT 
0 0 3 0 0 

♦ ♦ ♦ » ♦ 

^ ki Ai 

O MfMo^ 
©M 3 O > 
-T oi-nj- 
©»^X1> o 
XfXJX^MO' 



XI j»noiiioiooif\ oiX»ox»ot/>oiooLTi oiX'c.’X* ox>«om io.'- ,n c' ^ o x> -n^ - x* ^ ^ x> j ■ x'o lt* o c, lT* > x* o 

-•MM^f^l TX\X\00'^-^«©OX J 3 AXW) O^r- 3 ) O > > > J — 3 3 X^t/' O O-' 

.ru AjnjrxjnaMMrwfVJ ^fxyv^rxjM 


iXtOi/) OtXi 
— -*MM 


333333 3 333333333 J3333333 33 #3333333 3»3 3 J 333333 J333 3# 3M 

I.J o o o'oo o o oc o Cvoooo oo c c:>o<;'' ocjooo < ■.o«i''Oc><oo 'Oi - o o t j ooo o o o » > j,o oo 
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Figure 5-30. Model 2C Output (Sheet 14 of l(>) 
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Figure 5-10. Model 20 Output (Sheet 15 ol IH) 
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Figure 5-10. Model 2C Output (Sheet in of IG) 



□ NODE 1 
+ NUDE 127 
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Figure 5-12, Snmple ProMem No, 2 , Model 2B, Verification Plot 
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Figure 5-13. Sample Problem No. 2, Model 2C, Verification Plot 
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Section G 

PROGRAMMER ORIENTED DOCUMENTATION 

This section presents the details of the CAVE3 organization and structure. A 
simplified flow diagram of CAVES is presented in Figure G-1. 

CAVES is organized in a main program with 18 subroutines. The iist, of subroutines 
is given in Table 6-1 together with the function of each subroutine. Many sulmoutines are 
identical to subroutines used in the CAVE (Ref (1)) and CAPE codes (NASA CR-2435). 

Figure 6-2 presents the organization of CAVES in terms of the more important subroutine 
calls. Table 6-2 gives the variable list for CAVES. 

Flow charts or descriptions for each subroutine are given in Figures 6-3 through 6-19. 
They are arranged in alphabetical order. For convenience and completeness, they are 
given for subroutines that are identical to the CAVE and CAPE routines as well as the new 
subroutines. 
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Figure (5-1. Simplified Flow of Ix)gie in CAVE3 







Table 6-1. Subroutine Descriptions 


Routinf^ 

Description 

CAVE 

Main routine ~ Sots up storage army and dvnamicallv allocate core 
storage to match the input rerjuiremonts. 

AORDER 

Orders a set of real niimhci s. 

BUEN 

Obtains doininrnt eigenvectors and eigenvalues of a given matrix (using 
Jennings Method of simultnm'ous vector it('ration). 

SWITCH 

Utility routine to convert columns of a matrix to rows or vice versa. 

SCAPR2 

Computes scalar product of two vectors. 

CAVE3 

Establishes the main flow of the program. 

cmiT 

Initializes variables to zero. 

DSCT 

Computes the steady state and time dependent solutions. 

DISPLA 

Prints scalars, vectors, rectangular matrices, packed symmetric 
matrices and Hessenburg matrices. 

EVECGS 

Prepares approximate guesses for the eigenvectors. 

LLTRAN 

Choleskv decomposition of a positive definite symmetric matrix. 

ORNML 

Carries out the standard Ciram-Schmidt orthonormalization of a group 
of vectors. 

RVORDR 

Reorders estimated eigenvalues according to magnitude. 

SETUP 

Establishes the CONNET and BFLLX arrays which are the matrix 
diagonal term.:; the net conductance and net flux terms respectively. 

XTABS 

Table read-in routine. 

XINTP 

Finds values of several dependent variables from a table by linear 
interpolation on a single indepctvlent variable. 

TABLE 

Determines which variables are changing and calls the appropriate 
tables to compute the result. Changes the CONI), CAP, Q and T 
arrays as required. 

TRISLV 

Solution of a system of N linear ecjuations using the Choleskv factor. 

XREDE 

Input routine. 
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Table 6-2. Variable List 


The following is an alphabetical listing of the principle program variables and their 
definitions. Most are stored in COMMON. Other variaides are used as indices, counters, 
or intermediate storage locations; but their functions may easily be determined from an 
inspection of the program listing. Input variables are indicated bv the letter "I". Arrav 
names show their dimensions. 


BFLUX (NUMTOT) 


BUFF (20) 

CAP (NUMTOT) 


COND (NliMCON) 


CONNET (NUMTOT) 
CPI (NUMITR) 


DTIME 


Net Flux of each node including heat 
sources and boiindary conductance 
times boundary temperature. 

Buffer region for listing of title cards. 

Thermal capacitance. Subscript is 
node numbers. Inputted as mass x 
spe cific heat, stored as 
l^y(mass X specific heat) 

Thermal conductance. Subscript is 
conductance number (UA) 

Net conductance of each node. 

Storage location for previously 
computed value of CAP (N) used 
for readjusting CAP (N) when 
properties change. 

Time step 

Input buffer and intermediate storage 
in several areas 


EVAL (NEVALV) 


eigenvalues 


EVEC (NUMITR, NEVALV) 
FCT (60) 


FTIME 


IDIAG 


IFLUX 


eigenvector 
Table look-up return 
End computing time 
Diagnostic Flag 
Flux output flag 

"Limit" for multiple parameter input 
(see in|)ut data discussion Section) 
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Table 6-2. Variable list (Cont'd) 


U2 (NUMTOT) I 


JJ I 

KNBN 

KNIN 

KNQ 

KODE I 

LFI.AG (50) I 

LI (50) I 

L2 (50) I 

MAXB 

MAXT 

N3 

N4 

N5 


NCOND (2, NUMCON) I 

NEVALU I 

NIN (NUMITR) 

NIJ^ST (50) 

NMAXB 


Table of subscripted node representing 
variable phvrfienl property 

"Spacing” for multiple parameter input 
(see input data discussion Section) 

Number of boundarr nodes 

Numl)er of itorat<K;l nodes and boundary 
nodes 

Number of heat sources 

Program control parameter 

Talde flag indicating t\’pe of table 

Number of values of independent variable 
in a table. Subscript is table number 

Number of dependent variables in a 
table. Subscript is table number. 

Total number of nodes iterated and 
boundary 

Total number of iterated nodes 
N4 N5 

Number of conductances 

Number oi radiation couplings 

List of nodes connected by conductors. 
First subscript reserves room for two 
nodes. Second subscript is conductor 
number 

Number of eigenvalues to be used. 

List of node numbers of iterated nodes 

Position of independent variable In 
STCi array from previous table look-up. 
Subscript is table number 

High node number of boundary nodes 


Table fi-2. \’^arlable List (Cont'd) 


NMTRIC I 

NODE (NriVrXOD) 

NPOS (50) 

NQ (NUMFLXj I 

NRAD (2, NITMRAD) I 

NSTR I 

NTAHS (50) 

g (NUMFLX) I 

NUMBND I 

NUMCON I 

NUMNOD I 

NUMFLX I 

NUiMITR I 

NUMRAD I 

NUMSCR I 

NUMTOT 
gi (NUMCON) 

SIC I 

STG (5000) I 

T (NUMTOT) I 


Flag indfcatlPR units of input 

Arrav containing node position in NIN 
array as function of node laiiel 

l^osition of variable list for tabic in 
ST('i arrav. Subscript is table numb«jr 

List of no<les to which heat sources are 
applieti. Subscript is source number 

List of nodes connected by radiation 
couplings. First subscript reserves 
space for two nodes. Second subscript 
is radiation coupling number 

Reserve Storage woi’ds 

Number of tables 

Heat source. Subscript is source 
number 

Number of boundary nodes 
Number of conductances 
Number of highest nodes 
Number of fluxes 
Number of iterated nodes 
Number of radiations 
Storage variables 

Number of iterated and boundary nodes 

Heat flux from node to each adjacent 
iKxles, accumulatetl over each time 

Stephen-Boltzmann constant 

Independent and dependent table 
variables 

Temperature of interated and boundary 
nodes. Subscript is node number 
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Table 6-2. Variable list (Cont'd) 


TIME I 

TSS (NUMITR) 

XKl (NUMITR) 

XNOD (NUMCON) 

YNOD (NUMCON) 


Time 

Steady State Temperature array 

Initial value of conductivity 

Conductance Constant A/AX in x 
direction 

Conductance Constant A/AX in y 
direction 



CAVE 

SETS U® ARRAYS TO THE 
PROPER SiZf TO STORE All 
NECESSARY DATA CALLS 
MEMORY MACRO TOR 
DYNAMIC Al 1 OCATION 


CAVE3 

ESTABLISHES THE MAIN 


PROGRAM FLOW 

1 _ 

aNi_r 

PRO(,RAM INITIAI l/AflON 


XRF[)t 

READ IN INPUT 'TAPE S) 
WFltTE INITIAI CONDITIONS 




XTAB S HtAOSIN TAHlFS«r()urP.;rs 
TABLtS 



Figure (5-2, Organisation of CAVK3 in Terms of the More Im|K>rtnnt Subroutine Calls 

(Sheet 1 of 2) 
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TRUE 




Figure 6-2. Organization of CAVES in Terms of the More Important Subroutine Calls 

(Sheet 2 of 2) 
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mf^POSE: ORDER A SET OF REAL NUMBERS 


CALLING SEQUENCE: CALL AORDER (A, N, IPERM) 



NAME 

DIMENSION 

DESCRIPTION 

INPUT 

A 

A(N) 

ELEMENTS TO BE ORDERED 


N 


NUMBER OF ELEMENTS = 1 N 1 
N >0 INCREASING ORDER 
N <0 DECREASING ORDER 

OUTPUT 

IPERM 

IPFRM(N) 

ORDER VECTOR - 


SPECIFIES THE SEQUENCE 
OF ELEMENT INDEX NUMBERS 
WHICH WILL PRESENT 
A AS AN ORDERED SET, 
i.e. 

DO 100 I = 1, N 

100 WRITE (6, 1) A (IPERM(D) 

1 FORMAT (F 10.5) 

WILL LIST A AS AN ORDERED ARRAY 


yRDER CALLS NO OTHER SUBROUTINES 


Figure 6-4. Subroutine AORDER Description 
(From NASA CR-2435) 





NO ITERATIONS 
>MAX 
ALLOWED 


ORTHONORMALIZE 
EK^FNVECTORS 
IN THE ORDER 
WITH RESPECT 
TO EKiF NVALUE 
SIZE. 


ORDER 

EIGENVALUES 


UPDATE 

EIGENVE CTORS 


SET B TO 
JENNINCiS 
ITERATION 
MATRIX 


ORDER 

EIGENVAl UES 
EIGENVECTORS 



■(SOURCE NASA CR 2435) 


Fipure G-5. Subroutine BIJEN Flow Chart* 














TITLE: DISPLA -- Prints scdldis. vectors, rectdngular matrices, packed symmetric matrices, and Hessenberg 

matrices. 

AUTHOR: MJ. Rossi 


DATE. September 1973 

APPLICABLE COMPUTERS- IBM 360/370, CDC 6000 SERIES 


SOURCE LANGUAGE FORTRAN IV 

PURPOSE- To Simplify printing of mathematical types of data structures in an easily read format which allows 
titles and index labels 

METHOD- FORTRAN loof)inq and write statements which indexesand addresses arrays according to their type. 

USAGE; Call DISPLA (X, NFILE, TITLE, KAR, KIND, NROWS, NCOLS. MID). 

X “ Input - Array of one oi more values to be f)rinted 
NFILE - Input - FORTRAN unit for pt inting 
TITLE - lnf)ut -* Vector of KAR characters used as title. 

KAR ln})ut - Number of characters in al)ovc string 
KIND Input - Type of mathematical data structure. 

- 0 scalar (or vtrctor printed on one line with no index) 

1 vector of 1 NROWS | elements, indexed 
^ 2 Rectangular | NROWS | by NCOLS matrix - Dimension (MID, ") 

^ 3 Packed Symmetiic matrix of order |nROWS| 


"1 2 
- 2 3 
-4 5 




lower triangular pai tial »ows if NROWS positive 


lower triangular [)artial columns if NROWS negative 


~ 4 ■ Transposed Hesscnt)erg mati ix of order NROWS *• Dimension (MID, MID) 


NROWS 

Input 

-• Number of elements if KIND ' 0 or 1 
Number of lows if KIND 2 
- Matrix ordet if KIND 3 or 4 

NCOLS 

• Input 

Number of columns if KIND ^ 2 
“ Ignoi ed otherwise 

MID 

- Input 

- Matrix Dimension if KIND ' 2 or 4 
Ignored otherwise 


SUBROUTINE REQUIRED. SWITCH 


Fipui'e G-7. Subroutine DISPLA Description 
(From NASA CH-243f)) 
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SET SCR 3 (NON ZEROOFF -DIAG(/i) 
DEFINE LC FOR NETWORK DESCRIPTIONS 



CALL LLTRAN TO REPLACE DS BY THE FACTORS 
OF ITS INVERSE MATRIX 



Figure 6-8. Subroutine DSCT Flow Chart (Sheet 1 of 2) 
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EVECGS computes guesses of the eigenvaules, eigenvectors and associated permutation index that are necessary 
to start tlic iteration in the Jennings method to calculate eigenvalues and eigerivectors. The formulae used for these 
guesses are; 


ith eigenvalue R ^ 


ith eigenvector A 


i,n 


if 


+ 7T^ (l * 1) 



FOR TOP 
HALT 


FOR BOTTOM 
HALF 


SLAB 



Figure G-9. Subroutine EVECGS Description 
(From NASA CR-2435) 
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M.,"I.SKY DECOMPOSITION OF A POSITIVE DEFINITE SYMMETRI'" MATRIX, 

. ; FlN f'MI IMINARY FOR LINEAR SYSTEM SOlUTION VIA SUBROUTINE TRISiV. 

THF MATRIX IS STORED IN A ONE DIMENSIONAI ARRAY, A, IN A COMPACT 
way WHI'II is MOTIVATED THE '^ATTER^' OF NONZERO E' EMENTS IN THE 
I A. T- ’Iv. 


THE MATRIX IS GIVEN ROW-WISE STARTING WITH THE FIRST NONZERO 
I ! LMENT AND ''' O.N'^LUDI NG WITH THE DIAGOJAl Ei EMENT r'i'‘'UD:NG INTERIOR 
Zl ROj. 


THE ARPAY number CTVES THE NUMBE - O'- EiEMENT3 STORED FOP EACH 

p- W. 


THF ARRAY ‘'DIAS IS DlFINED THE P DTINE THE IN'DEX O' 

DIAGCNAl E, -NENTS S'" THE ''AT-' IX. 

NSTR i: TH : MDMBEF IDS N ' ' , ^AI- " -'OP .T'CING TH-" MATRIX. 

N IS THE O'^DEP .,F TflE ^ATPIX, 

NIX IS SET B,Y THE FdlTIME AS ZEP'. NOFMAllY, AND AS -1 ID THE 
i -TH 1 EADING FRINFlPi.E MINOR FA 1 1 S T'' PE NUMEP I ''Al i Y d>OSTTIVE 
DEFINITE. 


THE ARPAY A IS PEDEFINED TO "-'Ef^F ESENT THE ' M'.’EF DIAGjNAi 
DHOi.ESKY FACTuI- . '..ENERAI i Y Am rDIAG(N) ELCr-'lENTS 'F A WII l RE NON- 
ZERO ON OUTPUT, EVEN IF THEFl ARE MANY INTERIOR ZEROS ON INPUT. 


THE 

PATTERN 

OF 

STORAGE IS 

ILLUSTRATED 

BY 

THE 

6X6 

CASE 

BELOW. 



MATRIX 





A( I 

J) 


NUMBERS I ) 

X 

X 

(J 

0 

0 

T 


1 




1 

X 

X 

X 

X 

0 

X 


9 




2 

u 

X 

X 

0 

0 

0 STORED 

IN THE ^'PDEP 

■>r 

4 

6 


2 

0 

X 

0 

X 

X 

X 



0 

7 

8 

3 

0 

(j 

0 

X 

X 

c 



# 


9 A 

2 

0 

X 

0 

X 

0 

X 



B 

r 

D E 

F 5 


Figure 6-10, Subroutine LLTRAN Description 


100 


ENTER 


INDEX I FR0M1 TO M 



NO / LOOP > 
— C FINISHED? 


RETURNl 


‘(SOURCE NASA CR 2435) 


Figure 6-11. Subroutine ORNML Flow Chart* 
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QUANTITY SYMBOL INPUT/OUTPUT DIMENSION 


EIGENVALUES 

R 

IN f OUT 

R(MM) 

EIGENVECTORS 

V 

IN + OUT 

V(MID,MM) 

RANK VECTOR 

K 

OUT 

K(MM) 

PERMUTATION VECTOR 

L 

OUT 

L(MM) 

EIGENVECTOR DIMENSION 

N 

IN 

- 

NUMBER OF EIGENVECTORS 

MM 

IN 

- 

DIMENSION OF ARRAY 

USED TO STORE EIGENVECTORS 

MID 

IN 





•(SOURCE: NASA CR-2435) 


Figure 6-12. Subroutine RVORDR Flow Chart* 
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SCAPR2 CALCULATES THE INNER 

PRODUCT OF TWO VECTORS STORED 

AS EOUALLY SPACED WORDS IN FORTRAN ARRAYS 



•(SOURCE 


NASACR 2435) 


Figure 6-13 


Subroutine SCAPR2 Flow Chart* 












Figure 6-15. Subroutine TABLE Flow Chart (Sheet 1 of 2) 














SOLUTION OF A SYSTEM OF N i.INEAR EQUATIONS USING THE rnC ESKY 
FACTOR OFTEN COMPUTED BY SUBROUTINE ILTRAN. IN OTHER WORDS, THE 
COEFFICIENT MATRIX IS REPRESENTED AS THE PPODlJcj 0^ A LOWER TRIANGULAR 
MATRIX TIMES ITS TRANSPOSE. THIS LOWER TRIANCIJiAR MATRIX IS SPECIFIED 
BY THE FORTRAN ARRAYS, A AND NUMBER. THE MATRIX IS STORED WITHOUT 
LEADING OR TRAILING ZEROS - IN EARN ROW, DIAGOMAI S MUST BE NONZERO. 

THE PATTERN OF STORAGE IS lU.USTRATED BY THE 6XL -RASE BEl OW, 

MATRIX A(IJ) NUMBER (I) 


X U C 0 0 0 


1 


X X 0 0 0 0 


2 


0 X X 0 0 


0 STORED IN THE ORDER 4 


2 


0X0X00 
0 0 0 X X 0 
0 X 0 X 0 X 


^678 

* * * 9 A 

* B C D E F 


3 

2 

5 


WHERE A THROUGH F DENOTE 10 THROUGH 15. 


THE ROUTINE NEEDS TO BE TOLD THE NUMBER OF ELEMENTS STORED IN 
EARH ROV; GIVEN BY THE ARRAY NUMBER. N5TP IS .GE. SUM NUMBER (I), 

I =1. N) THE ROUTINE SOLVES THE M RIGHT HAND - SIDES A1 ONCE, II 
REPLACES THE RIGHT HAND SIDES BY THE cQppESPOMD IMG SOiUTIONS. THE 
RIGHT HAND SIDES ARE STORED AS COLUMNS OF THE 2 DIMENSIONAL ARRAY, 

Y, DIMENSION TO’ MID BY M, WHERE MID, GE, N, THE ROUTINE Al SO ■'"AN 
PECUPSE N1 OOP TIMES WHICH IS USEFUL IN SOME EIGENVECTOR CALCUl AT IONS . 


Figure 6-16. Subroutine TRISLV Description 
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Figure 6-18. Subroutine XTABS Flow Chart 





ENTER 


XP< 


YES 



Figure 6-19. Subroutine XINTP Flow Chart 
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